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ECUTVE SUMMAR

The overall objective of the Department of Defense Computer-aided
Acquisition & Logistic Support (CAIS) Program is to integrate the
design, manufacturing, and logistic functions through the
efficient application of computer technology. CALS is a program
to apply existing and emerging communications and computer-aided
technologies in DoD and industry to:

o Integrate and improve design, manufacturing, and
logistic functions; thereby bridging existing "islands
of automation."

o Actively influence the design process to produce weapon
systems that are more reliable and easier to support
and maintain.

o Shift from current paper-intensive weapon support
processes to a highly automated mode of operation,
based on a unified DoD interface with industry for
exchange of logistic technical information in digital
form.

The CALS program was established by the Deputy Secretary of
Defense in September 1985 to implement the recommendations of a
Joint Industry/DoD Task Force. Management is provided by a DoD
Steering Group, an OSD CALS Policy Office, and their counterparts
in each Military Department and the Defense Logistics Agency.
The CALS Policy Office has obtained the support of the National
Bureau of Standards in the selection and implementation of CALS
standards. An Industry Steering Group has also been established
to focus the work of key industrial associations and the defense
contractor community in CALS implementation.

The Bureau has been funded since Spring 1986 to recommend a suite
of industry standards for system integration and digital data
transfer, and to accelerate their implementation. NBS activities
during 1986 were primarily aimed at:

o familiarizing NBS technical staff with key DoD logistic
functions and CALS demonstration projects,

o briefing DoD personnel, contractors, and other
interested parties on Federal, national, and
international standardization efforts that are expected
to support CALS objectives,

0 identifying a preliminary set of standards required for
data interchange in support of CALS, and

o developing reports on the four broad categories of
standards required to support the interchange of CALS
digitized technical information: (1) product definition
data, (2) graphics, (3) text, and (4) data management.

As a result of these efforts, NBS made a prelim-nary
identification of several high-priority standards implementacions
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U
needed for CALS data interchange and access. 1  Building on
knowledge and experience gained during FY86, NBS focused on the
following activities in FY87: developing a CALS Framework,
Development Plan and Core Requirements Package; providing
technical support for standards development and implementation;
and conducting workshops and meetings to promote dialogue with
the Services, the Defense Logistics Agency, and industry.

A major FY87 thrust was the completion of initial documentation N
of the high-priority standards required in the CALS environment. 3
Some of these standards (e.g., SGML, IGES) required tailoring or
enhancement. Other standards required a "push" (e.g., CGEM) for
their development in a timely fashion. These four volumes are a I
collection of the final reports presented to the CALS Policy
Office. 2 The collection is divided as follows:

VOLUME 1: 1
Text

Evaluation of Text Interchange Methods

Plan for Conformance Testing for DoD Implementation of SGML

Guidelines for the Development of Tags for SGML

The NBS FIPS - SGML Validation Suite

The NBS FIPS - SGML Reference Parser 3
Using SGML - Application Guidelines

ODA/ODIF Implementation Agreement a Document Application I
Profile

Data Management I
CALS Report on Data Management Standards

Supporting Logistic Support Analysis (LSA) Using the I
Information Resource Dictionary System (IRDS)

Media
ICST Recommendations on Optical Disks and Interface

Requirements for Planned EDMICS Procurement, Final

Report

Kemmerer, S., Editor, "Final NPS Report for CALS,
FY86," U.S. Department of Commerc.-e, National Bureau of
Standards, NBSIR 87-3566, May 1987. m

2 The publishing of this collection of reports does not
imply the CALS Policy Office has endorsed the m
conclusions and recommendations presented.
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Raster Compression

Report on Raster Graphics

Tiled Raster Interchange Format, TRIF Version 1.0, Rev. 1.2

Conformance Testing
NBS Plan for Validation (Conformance Testing) of Computer

VOLUME 2: Products in Support of the CALS Program

Graphics
Raster-to-Vector Conversion: A State-of-the-Art Assessment

Development of CGM Validation Routines

CALS Application Profile for CGM

CALS Requirements Reflected in the Extended CGM (CGEM)
Standards Effort

A Reference Implementation for CGM, Functional Requirements
and Conceptual Design

IGES to CGM Translator Design Specification

VOLUME 3:
Graphics

CGM Registration For CALS Requirements

VOLUME 4:
Product Data

Guidelines for Testing IGES Translators

Guidelines for IGES Application Subsets
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ASSESSMENT OF RASTER-TO-VECTOR CONVERSION TECHNOLOGY

I. PURPOSE

Assess state-of-the-art raster-to-vector conversion technology
and develop recommendations for CALS. (Task 2.2.1.2.2)

II. BACKGROUND

Currently, raster data is required to maintain many DOD logistic
systems. There was unanimous agreement at the DOD/NBS/Industry
Workshop on Automated Technical Manual Systems and Automated Data
Repositories, held at NBS on June 24-25, 1986, that the need to
accommodate use of raster data was unavoidable, but future

directions should be toward the increased use of vector format.
This would reduce storage costs, make the pictures more easily
modifiable, and allow for the interface to both IGES and CGM,
since all of the graphics standards, including IGES, recu;41e
vector format to be utilized effectively. The workshop
participants concluded that CALS principals needed to become more
knowledgeable concerning state-of-the-art raster-to-vector
conversion and possibly accelerate advancements i n th is
technology. In addition, the general availability of this
technology has to be assessed so that al'ernative strategies can
be developed if raster-to-vector conversion is not available in a
timely manner.

1.0 Review of CALS-Related Requirements for Standards

In FY86, the NBS contracted with System Development Corporaticn
to review and analyze the requirements of CALS-related pr'-ects
for graphics standards (This is part of the Graphics Interchance
portion of the FY86 Final NBS Report for CALS). The report
surveyed a selection of Army, Navy, and Air Force projects that
fell into the following three broad application areas: printing
and publishing systems, paperless presentation and maintenance
aids, and automated engineering data repositories and product
definition data. The salient results of that study are
summarized in the following. Those conclusions bearing on
raster-to-vector conversion are shown in bold type.

7n the technical manuals area, there is an urgent need
to define a common DOD approach to SGML, including the
use of CGM files to import graphics pictures. IGES is
needed for the transport of product data between CAD
systems, CGM for transport of pictures between
publishing syszens, and a raster standard--perhaps a

Im
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su/bset of CCM to store the Pr-nt-on-desand iagesI

which have already been laid out on the page and
formatted. Strong, relatle va. ,atcn pre:_.r es a:c
required to bulld user confidence in the st.• : I
products available from the commercial marketplace.

There is a general need for a raster-to-vector 5
conversion capability, but product definition data need
not be carried along. The users want a family of
standards, with increasing capabilities available at anincrease in complexity and cost. They want text and I
graphics capabilities in a single standard.

In the engineering data reposl:ories area, there z an5
expressed need for textual data standards and for da:a
base standards. There are some instances where :rES is
used to maintain pictures: CGOM could be used instead,
with a savings in storage, processing time, and N
complexity.

In all areas, there is a tremendous backlog of data 3
that must be accessed, manipulated, and outputted,
currently in raster format. Much of this data is
archivy. I on aperture cards that would have to be
digitally scanned. Data in this format will be part of
the CALS database for a very long time.

In general, there is a broad, short range need for I
saving images in raster format. However, in the long
term, all users indicate that they'd like to convert to
an all-vector format. This would permit them to modify a
the picture, transform it, and exchange it wath
otherwise incompatible systems. Whatever format Is
chosen--facsimile-based, CGM-based, or something
entirely new, a strong validation program for fie I
generators and interpreters is required.

Also -in the Graphics :ntercha.gne portzon cf t!he r,'E6 !ri-a- "":B 5
Report for CALS, arcnltectures for four CAS a-p.p=at.:zs
are3s--engineering desIgn, publishng, procure•;e-
interactAve delivery systems--were proposed. Usecf raster. :i

vector, and CAD databases are shown. These a r.chiteotu.res w•' ze i
used in the Recormendations sec=ton of th!s report tc e×o:a
where the raster-to-vector conversion process f:.ts =ntc
programs. U
2.0 Relevant Standards

2.1 CCITT Facsimile Standards

.wo CC-_.. facsi-ile st3ndards, known fo -- as r --
-rouo 4 facsin;.e, ....e ead trans ssion z-

I
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data. Both formats deal wit'b ak-a -whte -:naces
gray-scale and full color images are not present-y covered
these standards.

Group 3 facsimile provides for two options: (a) a one-dlmens-cna-
Huffman coding compression method and (b) a two-dimensional
compression method based on differences between scan !.nes.
Group 4 facsimile specifies the exact same coding method as Group
3 option b, but the protocol is designed for packet sw•tChed
networks, so the Group 4 protocol assumes ecror-free
transmission.

The encodings support only a restricted number of resoluticns.
For Group 3 facsimile, horizontal resolution is stated as _-Z6
dots over 215 mm; vertical resolution is either 3.85 lines per mm
or 7.70 lines per mm. For standard A4 paper, this is equivalent
to about 200 dots per inch in both X and Y for the fine
resolution mode. Group 4 facsimile supports higher resolutions
of 240, 300, and 400 dpi square, in addition to the 200 dpi
square mode of Group 3 facsimile.

2.2 The Computer Graphics Metafile

The CGM provides a file format suitable for the storage and
retrieval of picture description information. The file format
consists of an ordered set of elements that can be used to
describe pictures in a completely device-independent way. One or
more pictures can be stored in a single metafile, and the
metafile is defined in such a way that, in addition to sequential
access to the whole metafile, random access to individual
pictures is well defined. That is, the pictures are completely
independent, one from another: their appearance does not depend
upon the order in which they are accessed or displayed.

In addition to a functional specification, the CGM standard
documents three standard encodings of the metafile semantics. The
Character encoding requires minimum metafile size and is suitabhe
for transmission across networks of heterogenous systems but :s
expensive to encode and decode. The Binary encoding reqaires
minimum effort to generate and interpret but is not well-suited
for exchange between computers of different arithmetic data
types. t is nearly as efficiently coded as the Character
encoding. The Clear-text encoding provides maximum readabilit-
and editability for ease of use by humans (e.g., for debuag;:n
purposes) but, generally, pays a heavy penalty in size and
performance. The size is much larger because English and other
natural languages contain a lot of redundancy. The perfornmance
is worse because parsing and recognizing text strings and
converting text strings to internal numbers for use by a graphics
subsystem is expensive in its use of CPU cycles.

In Appendix 1. of the Graphics Interchange portion of the

3



I

Final NBS Report for CALS, the standardized COM elements are
listed by type. The ESCAPE and APPLICATION DATA elements have
been provided to support uses of the CZM in ways that go beyond•
the exchange of pictures. Nongraphical data and graprucal
elements not yet standardized can be incorporated into metaffles
in a regular way. When these extended metafiles are exchanged by
cooperating processes, standard commercial products can be used
to handle the standard metafile elements, and new code needs be
written only for the special, non-standardized elements. Large
groups of users of extended metafiles can get together and agree
upon a set of extensions--just like MAP and TOP users have agreed
upon guidelines to the implementation of the OSI standards. For
example, the elements of a business chart--like legend entries,
tick marks, and axis labels--or the elements of a project I
schedule--like PERT chart symbols, milestone markers, or
title--could be marked in the metafile. An editing program could
be written to read such metafiles and allow modifications to thembefore rendering the chart on a hardcopy device or including itqin a report or manual.

In the absence of any facsimile standard capable of handling I
multicolor images (i.e., those with more than one bit per pixel),
a CGM employing only the CELL ARRAY primitive could be used.
Images expressed with either indexed or direct color
specifications can be represented. In the Character-Coded and
Binary encodings, run-length encoding may be used to reduce thesize of the resulting CGM files. 3
The CGM was approved as ANSI/X3.122 in 1986. It became FIPS 128

in March of 1987. 5
2.3 The Initial Graphics Exchange Specification

The Initial Graphics Exchange Specification (IGES) is a mature
standard, first published in 1981, for the digital exchange of
database information among present-day CAD systems. Now in its
third version, engineering drawings, 3D wireframe and surfaced
part models, printed wiring product descriptions, finite element I
mesh descriptions, and process instrumentation diagrams are
application usages addressed by IGES.

IGES information, including drawings and 3D wireframe product
models, is intended for human interpretation at the receiving
site. However, IGES is often used to attempt interchange between
CAD databases and to feed external geometric data into a CAD I
system, where the data are expected to be processed automatically
by computer as well as being worked on by human operators.
Consequently, when used for this kind of interchange--a purpose a
it was not originally designed for, ICES files are often
restricted in the kinds of entities used.

41
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III. DISCUSSION

1.0 Methodology

This study was performed in phases, which are described in detall
in the following paragraphs.

Phase 1: Examine the Literature. Recent computer graphics
literature was examined to find articles describing
raster-to-vector conversion methods, techniques, and uses. The
articles located are listed in part 1.0 of the Reference section
of this report.

Phase 2: Locate and Contact Vendors. From a variety of sources,
sixteen companies were identified and contacted. These companies
are listed in part 2.0 of the Reference section of this report.
Seven companies (ANA Tech, Audre, Autodesk, Optigraphics,
Scan-Graphics, Skantek, and SysScan) were sent a special letter
requesting their cooperation and assistance. In particular, they
were asked to send technical information documenting their
proprietary vector output files and to describe what elements of
IGES are being used when IGES output is selected. Four of these
companies (ANA Tech, Autodesk, Optigraphics, and Scan-Graphics)
supplied the requested technical documentation.

Phase 3: Learn the Process. All the vendor literature, technical
documentation, and articles were read. A complete picture of the
overall raster-to-vector conversion process was worked out.
These results are documented in section 2 below.

Phase 4: Analyze the Process. Each stage in the raster-to-vector
conversion process was analyzed with respect to some or all of
the following characteristics:

- Speed

- Accuracy and Consistency

- System Cost

- Conversion Cost and Time

- Data Interchange Requirements and Opportunities.

Section 3 below contains this analysis.

Phase 5: Analyze the Vector and CAD Entity File. For the four
vendors who supplied technical documentation, the global
structure and the specific entities used to represent the
scanned-in picture or drawing were determined. Then these
entities were compared with the representational power of CzM.
Finally, those IGES entities which are actually used to transfer

5
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the picture to a CAD database using IGES were examined. Section
4 below reports these results.

Phase 6: Draw Conclusions and Make Recommendations. Based on the-
analyses of sections 3 and 4, conclusions about the current
usability of off-the-shelf, commercial raster-to-vector systems
to meet some or all of the CALS requirements are drawn. These I
can be found in the Recommendations and Impacts and Conclusion
sections of this report.

2.0 Review of the Current State-of-the-Art

Figure 1 represents a synthesis of all the processes
conventionally included in the phrase "raster-to-vector I
conversion." Not all vendors provide products that accomplish all
these processes; in fact, most vendors do not! However, all the
stages must be progressed through when converting a
representation of a drawing or image of a geometric object to a
form whereby it can be incorporated into a design and subjected
to engineering analysis and modification. Less ambitious
objectives permit some of these stages to be skipped.

The rest of this chapter defines and discusses the current
state-of-the-art of each step in the process. We identify the
inputs and outputs of each step and explore the possible uses of
each output in its native form (as directly produced by the
process) and in some modified form (as transformed by some
auxiliary conversion process).

[Note: These descriptions borrow liberally from the various
vendor descriptions; however, the total description represents a I
synthesis of all the products and does not necessarily represent
the full capabilities available from any one vendor.]

Step 1: Scanning and Storing the Document I
The first step is the physical scanning process in which the
paper sketch or drawing, aperture card, or photograph is I
raster-scanned. Millions of discrete samples are taken at
closely spaced intervals across the entire surface of the
document. Each sample is converted to a digital value that
indicates the tone (black-and-white, gray-scale, or color value)
of the drawing at a given point. This process results in
producing a so-called raster database. m

Such a database simply represents an image by storing, for each
horizontal and vertical picture element (pixel), the code for the
color representing that pixel. Even when compressed, these
raster files vary greatly in size, but they typically are very
large, easily 10 to 20 times the size of geometrically definedi
CAD files for the same picture. When uncompressed, they can be
another order of magnitude larger.
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For example, a simple uncompressed black-and-white (1 bit per
pixel), PC resolution (640 by 480) picture occupies at leas:
640x480xI -bits or 38,400 bytes not counting any control. and
structural information required by the file format. A more
typical black-and-white E-size drawing scanned at 200 dots per
inch will occupy (36x200)x(48x200)xl bits or 8,640,000 bytes, 225
times larger than the simple PC image.

When color or gray-scale images are involved, the numbers grow
even more impressively. A 16-level (4 bits per pixel) gray scale
or color picture of that E-size drawing would occupy over 34 I
million bytes of storage, while a more typical A-size photograph
at the same resolution and color depth would still occupy 7.48
million bytes. For publishing purposes, one must often store 24 I
bits of color or more. This blows up our A-size color
photographic image to more than 22 million bytes.

Raster file compression techniques, such as those specified by m
the CCITT Group 3 and Group 4 Facsimile standards, can be applied
to reduce the amount of space required, but they are costly in
computing time and, depending upon the nature of the image, may m
not achieve more than a 5-15% reduction in size.

These compression techniques were designed originally for and are
most effective on documents that evidence a lot of visual I
uniformity, such as is found in office memos and reports with
standard typewriter fonts and in simple engineering drawings.
Long runs of all white or all black areas are replaced by counts m
of the number of all white or all black areas. Compression
ratios of 10:1 to 20:1 are common.

However, many maps, satellite images, and photographs do not
contain such visual coherence. Furthermore, these standards do
not address the coding and compression of gray-scale and fullmcolor images. Consequently, compression of less than 20% -s Uoften seen for these more complex and life-like images.

There is practically no intelligence in a raster database. :t 3
neither represents nor differentiates between line, arcs, and
text. This raster type of data can be stored, edited, retrieved,
and distributed, but it cannot be sent directly to a CAD/CXMm
system. A raster storage system is seen either as a replacement U
for a microfilming system (with appropriate data management and
distribution capabilities), a picture reproduction system, or as
the first step in the drawing conversion process.

If the image to be captured and vectorized is already in raster
format--such as would be delivered by video capture boards or 3
satellite imaging systems, this first step can be by-passed.

I
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Step 2: Editing the Raster Image

Before attempting to apply pattern recognition techniques to find
the geometric entities, it is often productive to use a raster
editor to modify the raster data by adding, deleting, or altering
pixel information. Non-zero pixel values caused by specks of
dirt, smudges, and creases in the paper may be removed. Lines of
uneven width may be "airbrushed" to a more uniform consistency.
Broken lines caused by a faulty pen or pencil in the drawing may
be joined.

A raster image that is edited is typically held in working image
memory, thus permitting rapid access to the data. With mouse
control, the system operator can continuously pan and zoom over
the entire image to select an area of interest. For large
drawings and images, this requires megabytes of memory.

Step 3: Recognizing the Geometric Entities

This principal step in the raster-to-vector conversion process,
sometime called image conversion converts raster data to CAD
compatible vector data, that is a geometry definition file or
vector file. In the more sophisticated systems, text information
is extracted from the raster data and converted to ASCFI
character strings by automatic and user interactive processes.
Graphic information is extracted from the raster data and
automatically converted to geometric entities like lines,
polylines, circles, arcs, arrowheads, and solid areas.

Among competing raster-to-vector systems there is great diversity
in the nature of the contents of the vector file. The less
capable systems produce a file of short line segments combined to
represent text, polylines, arcs, circles, etc. Depending on the
quality of the vectorization software, real CAD lines may be made
up of 10 or 15 short vectors and arcs and circles may be made up
of hundreds of line segments. Like raster data, short vector
data can be stored, retrieved, edited, and distributed.
Additionally, this type of data may be used as input into a
CAD/CAM system.

The problem with this type of data is its limited usefulness for
most CAD applications. For engineering drawings, the file size
may be as large or larger than the corresponding raster image
file. Consider the following example.

A black-and-white "D" size drawing scanned at 200 dots per inch
requires 4.32 Mbytes in pixel storage. Compressed at a
conservatively estimated 10:1 ratio, this drawing would require
about 432 Kbytes in its raster form. A sample view in this "D"n'
size drawing could require 50,000 short vectors, especially if
there is a lot of annotation or a lot of curved objects in the
drawing. Assuming that each short vector occupies 9 bytes "

9
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byte for the line opcode plus 4 x 2 bytes for each 16-cit 1
coordinate), this same drawing in vector form could occupy 450
Kbytes. Furthermore, many CAD systems--especially the PC-based
ones--cannot accept even this much data in a single drawing file.

Because the data are not differentiated as CAD entities (e.g.,
lines, arcs, text, splines, and dimensions), editing it on a CAD I
system is nearly impossible. For example, to change the radius
of what appears to be a circle on a CAD system, the operator must
redefine the group of short vectors as a circle. That is, all the
line segments comprising the circle would have to be erased and a I
new circular element, specified by the CAD system, would have to
be defined, before the element could be manipulated directly as a
circle. An even more painful example is text. Correcting a I
simple typographic error or updating a date is nearly impossible
if the text characters are known to the system only as short
vectors. 3
Despite their obvious problems, short vector databases have a
place in CAD. They can be used to produce backgrounds that won't
change and therefore don't have to be edited. A prime example of
this application is providing street, sewer, and railroad
background for utility mapping. In these cases, vectors do not
have to be geometric entities at all. The advantage of short
vectors over raster images in this application is that the image
is represented in a device-independent form: the picture can be
scaled and rotated at will to fit the needs of the application.
This has especial value in publishing and procurement 1
applications.

In most of those systems that provide more that just short 1
vectors as a result of the image conversion process, the
extracted geometric, textual, and symbolic elements are placed
into separate layers. These layers help the operator during the
next step--editing the vector file. The layers help sort the
mass of information generated during this stage into manageable
and more uniform collections of objects.

In some systems, in addition to the geometry definition file, the
conversion process will also build a condition or constraint
file, as the expert system within the software automaticallyassigns changeable constraints to the geometry (such as tangents. ,
symmetry, and collinearity).

Step 4: Editing the Vector File 1
The vector editor allows the system user to examine the quality
of data being produced by the image conversion process and make
modifications. The editor typically includes provisions for m
adding, modifying, or deleting geometric primitives in the vector
image. The operator may also reorganize the layered data and
standardize any of týhe following information:

10
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- the width of various sets of lines

- the line type--e.g., dashed or dotted--of various lines

- the line join and end characteristics

- the heights of characters

- the fonts of character strings

- the grouping of similar items into symbols of a uniform size
and orientation

- the solid or hatched patterns used to fill areas.

Step 5: Converting to a CAD Entity File

In the more expensive and sophisticated systems, steps 3 and 4
may be combined with step 5. That is, the output of the image
conversion process is a set of CAD elements that can be accepted
directly into a CAD database. However, more frequently, there is
a human-assisted, semi-automatic process required to convert the
standardized vector file into higher level CAD entities.

Often referred to as "geometric elements," the highest level of
database intelligence is referred to as CAD entities. To create
this intelligence level, the drawing conversion system must pass
to a CAD system neither pixels nor short vectors, but rather the
same entities that are used and stored in the target CAD system
database--lines, arcs, splines, polygons, ASCII text, notes,
dimensions, labels, and the like.

Even the few drawing conversion systems that can produce this
type of data automatically vary vastly in the level of usefulness
and intelligence within the database. To evaluate the level cf
database intelligence, it is helpful to ask a series of
questions:

- Is there connectivity between the different elements of
geometry? Is a given line, for example, connected to the
given arc it appears to be connected to?

- Can a geometric entity like a template be moved simply by
touching a point and executing the move command? Will the
simple entity (the given line) that is touched move or will
the entire entity consisting of its sub-entities move?

- When data is passed to the CAD system, are physical
conditions such as crucial tangencies, true perpendicularity,
true parallelism and collinearity maintained? All the above
elements of intelIlligence are assumed by the appearance cf

11
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the drawing until the user tries to use the data he obta-ns I
from the drawing conversion system and finds it impreczsei.y
or incompletely defined.

Step 6: Checking the File for Consistency and Accuracy

To be truly useful, a CAD database must not only be intelligent I
in its maintenance of geometry, connectivity, ancestoral
relationships, and physical relationships, but also the database
must be accurate and checked for consistency. I
When a database is said to be accurate,, it means that the
geometry sent to the CAD system is absolutely accurate to the
corresponding dimensions present in the drawing at the specified
scale of the drawing. This means that, if the dimension of a
line is 9.876 mm, that value is the mathematical norm (i.e.,
length) of the vector whose coordinates are passed to the CAD
system as the geometric representation of that line.

A few raster-to-vector conversion systems can pass accurate
geometry that is driven by dimensions and is stored with an I
accuracy of up to 14 significant figures. Drawing conversion
systems based primarily on hardware actually may introduce
inaccuracy into the database. This is true if one considers that I
generally the starting point for these systems (the drawing that
was prepared with a pencil) is generally not accurate even to the
width of a line (about one-hundredth of an inch). In addition, I
the accuracy provided by the scanner alone is, at best, equal to
its resolution (e.g., about 8 pixels per mm). Furthermore,
unless the original mylar (if it exists) is used for the scan,
the drawing will not normally be even as accurate as it was adrawn.

The only way to guarantee true database accuracy is to attack the
problem from a software standpoint. This means takinc tne
scanned data with its dimensions and reproducing a new set of
geometry based on the exact dimensions, definitions and physical
properties of the geometry. Consequently, to get an accurate I
database, the system--perhaps with varying amounts of operator
assistance--must build a numeric dimension and tolerance file
prior to image conversion. To do this, the system must I
recognize, convert, and store the pixel dimension and associatedtolerances.

To build up a 3-D CAD entity file from a drawing consisting of m
2-D orthographic or perspective projections, the system needs to
be more intelligent than is required for processing 2-D drawings.
Furthermore, the operator must participate and specify view I
information by indicating on the drawing view windows, names of
views, the view scale, and a point that is coincident In all
views. During the conversion to CAD entities, a "cross-v.ew" I

2.2
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Slinking process builds a 2 1/2-D model based on this information.

An accurate file is not necessarily checked for consistency: that
is, the f.le is not necessarily:

- free of conflicts in dimensions (e.g., an overall
dimensionadds up to several subdimensions) even when
considering multi-view drawings;

- free of ambiguities, such as geometry with no dimensions or
geometry that has the potential to be confusing to a designer
or to a CAD system with regard to tangency points,

parallelism, perpendicularity, collinearity, etc.; and

- free of errors in basic design logic.

Step 7: Interchanging the File with Other Systems

The output of step 5 (and step 6, when performed) is an entity
file in each vendor's proprietary format. An entity file is nota CAD database. In order to be accepted by any CAD system, it is
necessary to translate the vendor-specific CAD entity file into a
format that is recognized by the target CAD system. Two
approaches are used: one based on standards and one not.

The standards-based approach converts the CAD entity geometry
* file to an IGES file. The data then can be acquired by any CAD

system that can read IGES files. The non-standards-based
approach simply provides translators to the more widespread CAD
database formats: Autotrol, AutoCAD, CADAM, Computervision, and
Intergraph are among the most popular.

The advantages of the first approach are obvious: only one
translator is needed. The principal disadvantage is that the
various CAD systems don't all accept all the IGES elements
specified in the IGES standard. Consequently, a "lowest comnon
denominator" for IGES is often followed. In section 4 below,
exactly which IGES entities are actually produced by some of the
raster-to-vector conversion systems is reported.

13
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3.0 Analysis of the Raster-to-Vector Conversion Process

3.1 Overview 5
It is impossible to compare systems on the basis of vendcr
literature and documentation alone. Not only do each of the
systems have different architectures, prices, and mixes of I
hardware and software, but also they are positioned to serve
different niche markets. Consequently, one system may be
optimized for engineering drawings, another for well logs, and
still another for mapping applications. When asking the
question, "Which system is best?", the only answer is It alldepends !: m

- It all depends on what one wants to do wi'th the picture after
it is scanned. Is the drawing only to be included in a
technical manual or is the conversion process simply the I
first step in a redesign of the part shown in the drawing?

- It all depends on how much throughput one needs. How many
drawings must be converted over what period of time? is
conversion needed for one project only, for a limited tine?
Or is this going to be a continuing process?

- It all depends on how much one is willing to pay!

To further complicate the analysis, the performance of each
system is directly related to the nature of the drawing being
scanned. The density of the lines, the number of symbols, line
weights, and text fonts, the amount of text, the extent of ,nd
variation in filled areas, the amount of crossing and touching
lines--all contribute to the measure of complexity.

In order to make speed comparisons across competitive systems,
benchmarks on the identical drawings would have to be performed.
But speed is directly related to the price one pays and is no:
the only consideration. Accuracy, consistency, and -ichness of
the resulting CAD entity file may also be important for manyapplications.

3.2 Speed 3
The ANA Tech VANA system, with its hardware vectorizer, can
automatically convert an E-size drawing to vectors in 5-7
minutes. Up to an additional hour is typically required to
transform the dumb vector file into CAD entities. The other
high-end systems also take in the 30 minutes to 2 hour range. At
the low end, Autodesk's CAD/Camera will take from 5 to 7 hours cn I
a PC/AT for a drawing of simildr complexity.

The scanning process, producing only a raster database, takes
from 90 seconds to acout 4 minutes at 200 lines per inch. Nc:

14.~
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unexpectedly, the more expensive systems have greater trouq...:
or scan at greater resolution.

3.3 Accuracy and Consistency

Minimum detectable line width ranges from .002 to .005 inches.
This is a function of the resolution of the scanner. However., as
explained in Step 6 of section 2, the accuracy of the resulting
vector file depends heavily upon the quality of the original
document, unless human-assisted methods are used to correlate the
vector geometry as scanned in with the intended absolute
dimensions as represented by dimension lines and other
annotations on the drawing.

Only by performing the functions from Step 6, can a CAD-accurate
database be produced. As yet, no system can perform this step
without human intervention.

3.4 System Cost

Prices for automatic scanner systems range from $100,000 to
almost $300,000, depending upon speed, sophistication, editing
capabilities, and hardware capacity. Where editing is supported,
an Apollo, Digital microVAX, or Sun class workstation with
stand-alone computing power is provided.

Scanners without workstations are priced in the $40K to $125K
range, depending on speed, accuracy, intelligence, andresolution. The highest priced offering--the ANA Tech Eagle 800
for $125K--includes on-the-fly vectorizing of the drawing. The
other systems create only a raster database, which is later
processed by software to create the vector and CAD databases.

Software-only solutions that run on the IBM PC/AT like Autodesk's
CAD/Camera and Professional CAD/CAM's ProCAD-4-V/R are much less
expensive ($3K to $10K), but are less capable and much slower.

Service bureaus are available if the lease or purchase ofdedicated in-house systems cannot be justified. They charge from•$150 to $300 for each E-size drawing converted.

3.5 Conversion Cost and Time

No formal studies have been published concerning the time an-
cost of converting drawings. Consequently, one must depend upon
anecdotal informaation and marketing claims; however, there _s
generally good agreement on the numbers.

Optigraphics claims that the payback for a scanning ant
conversion system can be achieved by processing about !Q0
drawings (about one year's work for most eng2.neer:..
departments)
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Audre estimates thlat Coniversion of a co!nc._ex F-s!_ze czt
ajoout $li2. and -lakes four niours, copde w %,t ain .

I

hours using a standard CAD dlglti:lng approachn.

Anderson Reports estimates $225-$550 for the automated patn.
(taking 5-9 hours) and $450-$1000 for manual digitizing Itaxing q
16-40 hours). A reported side benefit of the automatic path :s
better quality: one experiment reported 30% fewer errors.
Anderson also estimates that the tradeoff point between using a
service bureau and buying one's own system is about 800 drawings.

For consistent and accurate draw.nqs fthe highest level cf :A--
database), Metagraphics claims that tneir system .s 4 t'mes I
faster than digitizing via a conventlonal CAD/CAM svstem. Thev

also claim a 3:1. cost advantage.

3.6 Data Interchange U
Most of the commercial systems studied can accept already
digitized raster databases at the front-end (that is, after Step I

). CCITT Group 3 and 4 facsimile formaats are generally the 'ny
standards supported at this interface. As mentioned in Section
2.1 of the Background section, theb# formats apply only to
black-and-white (one bit per pixel) images. At present, this =s
not a limiting factor because none of the ccmmer-cal
"raster-to-vector systems can handle multiple bit-per-pixel !color
or gray scale) images. However, this could become a concern in U
the future, especially for CALS 1nteractve Delivery Systen
applications. I
No formal standardized r-ma# for t,1. e CAD-corpat_!e cr

CAD-accurate vector databases has been adopted across t e
commerclal systems. As described in section 6, each offercr has
a prcprietary vector fIle format and st:ucture, but none are
compatible with any of their compet.tors. Autodesk's A Zanera
product does produce an AutoCAD file--a forrat that nas Zeczne a
de facto industry standard on PC-Dased ICAD systems.

7o export these databases, the suppliers offer translators. As
explained in Step 6 of section 2, translators to :-ES as well as
to t-e proprietary fo=ats of the malor CAD/CAM systers are I
available. :n section 4 below, it is ocinted out that., n
general, only a few :.ES entities are used. Consequently•. scre
of the semantic content of the CAD-conatlble datazase nay te
lost when using -ZES to transfer the data into a CAi/CAM syster.

Also in section 4, t" is concluded that the Conputer Gran.n:•s 3
Metafile standard cou"i sere as a common representat-•n cf CA
entity databases, esze:•a>':" if entanced ... •t a few features as
zncluded in tne ..ec..-en.a.ons sectin .f t... sreport.
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4.0 Analysis of Vector and CAD Entity File Contents

Four verfdors--ANA Tech, AutoDesk, Optigraphics, and-
Scan-Graphics--provided sufficient technical information to
permit a detailed examination of the vector and CAD entity file
elements generated by their systems. All of these systems
perform some automatic recognition of CAD entities. In the
following sections, the results of the analysis is presented.

4.1 Entities Used

Line Entities. All four systems support solid lines; only
Scan-Graphics appears not to store line width information in the
entity file. None appear to have a line type attribute (e.g.,
dashed, chained); rather, broken lines seem to be represented by
a series of short vectors.

Curved Entities. All systems can recognize circles and circular
arcs. ANA Tech and Optigraphics also can detect ellipses and
elliptical arcs. Optigraphics can also represent curved entities
as B-splines.

Area Entities. All systems can recognize outlined or "hollow"
filled areas without holes. Only Scan-Graphics cannot detect
solid areas. Both ANA Tech and Optigraphics can also detect and
represent filled areas with holes. Optigraphics can also detect
the special case of a solid filled or hollow rectangle. Autodesk
(CAD/Camera) and Optigraphics provide special support for an
arrow entity.

Fill Styles. Only outlined ("hollow") and solid fills are
supported by some systems. None support patterned or hatch
filled regions.

Text. Only Autodesk has no automatic recognition of text
entities. From the remaining three systems, support for the
various text attributes is uneven. All support character height,
orientation, and spacing. Only ANA Tech and Scan-Graphics
support recognition of several text fonts, while only
Optigraphics and Scan-Graphics support character expansion
factor. Only Scan-Graphics stores text alignment information.

Color. None of the systems support the storage and
representation of color or gray-scale information.

Symbols. ANA Tech supports only "points" or "dots." Autodesk
supports botn "points" and a limited concept of symbols or
"blocks." Both Optigraphics and Scan-Graphics support a general
symbol recognition and symbol representation facility. Sym bol
rotation and scale can be detected and represented in the
Scan-Graphics system, while this feature is planned for but nc:
yet supported on the Cctigraphics system.
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4.2 Structure

4.2.1 ANA-Tech 5
The output of the image conversion process is structured into
layers. As mentioned in section 2 above, layers are used to sort
out the mass of information generated during raster-to-vector
conversion into more manageable and more uniform collections of
objects. For example, all text may be placed in one layer, all
geometric elements in another, and all symbols in a third layer.
For the ANA Tech system, it is unclear from the documentation
what criteria are used to decide which elements are placed in
which layer. 5
ANA Tech's vector file is called Standard Output Format (SOF).
Entities can be grouped and connectivity relationships expressed.

4.2.2 AutoDesk

All vectors produced by the image conversion system are stored in m
an AutoDesk DXB file that is readable by AutoDesk's widely-used
AutoCAD program. The vectors are placed on layer "LINES" in the
vector database, and solids are placed on layer "SOLIDS." The U
raster scan lines comprising any text strings or symbols that
were identified are placed on layer "SYMBOLS," with borders drawn
around them on layer "OUTLINES." Text and symbols are notautomatically processed or recognized by the system. IInstead,human intervention using the AutoCAD product is required.

4.2.3 Optigraphics m

Optigraphics Database Format (ODF) is a more highly structured
file format than ANA Tech SOF or AutoDesk DXB. Three sections
comprise the file: a header section containing global attributes,
a symbol library section containing the definitions of various
symbols discovered in the drawing, and the geometry entity m

:tion containing the representation of the drawing itself.

:hin the geometry entity section, layers and groups of
primitives may be identified. 3
4.2.4 Scan-Graphics

The Scan-Graphics vector data format IDS, produced by its RAVE I
image conversion software, does not provide for any structuring
of the picture data. However, an operator using their
interactive vector editing software, IGMS, may organize the data U
into as many as 64 separate levels. The documentation alsc
refers to an element type ASSORTED which may be used in the
future to provide structure to the elementary data. Final>,,-,
there is an element USER-DEFINED SYMBOL that allows one tc
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include symbols that have been previously defined and recognized

by the RAVE software.

4.3 Comparison with CGM

4.3.1 ANA Tech

The SOF entity types and their Computer Graphics Metafile
equivalent are given below:

END-OF-FILE CGM END METAFILE

DRAW/MOVE CGM POLYLINE

DATA WINDOW CGM CLIP RECTANGLE/CLIP INDICATOR

LINE WEIGHT CGM LINE WIDTH with LINE WIDTH SPECIFICATION
MODE equal to "ABSOLUTE"

TEXT with attributes
CGM TEXT with attributes TEXT FONT INDEX,
CHARACTER SPACING, CHARACTER HEIGHT, and
CHARACTER ORIENTATION

TEXT CONTINUATION CGM APPEND TEXT

RESOLUTION CGM SCALING MODE equal to "metric"

AREA with no holes CGM POLYGON with fill "solid"

AREA with HOLE commands
CGM POLYGON SET with fill "solid"

FONT FILE NAME list
CGM FONT LIST

LAYER CGM BEGIN PICT"`URE

POINT CGM POLYMARKER

POLYGON CGM POLYGON with fill "hollow"

CIRCLE CGM CIRCLE and CIRCULAR ARC CENTER

ELLIPSE CGM ELLIPSE and ELLIPTICAL ARC CENTER)

Two more elements do not map directly into CGM elements: GRAPH:C
ITEM NUMBER and CHAIN/CONNECTION. These elements are used to
store connectivity relationships between coordinates making up
the picture. This information is included in the SOF only .f
needed and requested by the generator of the SOF. if the CZM
were to serve as a replacement for the SOF, APPLICATION rATA
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elements of the CGM would need to be specified to contain this I
additional information.

Other Notes:

1. Each layer can be mapped directly into a CGM picture; one or
more CGM pictures comprise a CGM metafile. U

2. The SOF may optionally contain font tables, that is,
character height and width information about each ASCII
character in each font. Inclusion of this information can
be suppressed during the generation process.

3. The SOF may also contain line width tables, that is,
information describing how lines of various widths are
normalized to a constant width. For example, a line width
table of [1,3;6,8;] indicates that lines ranging in width
from 1 to 5 units should be drawn at 3 units and those of 6
units or greater width should be drawn uniformly at 8 units
wide. I

4. The generator of the SOF may indicate whether the character
height is measured from the baseline to the cap line (the
default) or from the bottom line to the cap line. In the
CGM, all character heights are measured from the baseline to
the cap line only. 3

4.3.2 AutoDesk

The-vector file contents produced by CAD/camera map directly into
CGM primitives as detailed in the following:

LINE CGM POLYLINE with line type "solid" and I
line width "nominal'

POINT CGM POLYMARKER with marker type "dot" and 5
marker size "nominal"

CIRCLE CGM CIRCLE with interior style "hollow" 5
ARC CGM CIRCULAR ARC CENTER with line type

"solid" and line width "nominal" m

TRACE CGM POLYGON with interior style "hollow"

SOLID CGM POLYGON with interior style "solid" 3
POLYLINE with closure flag

N;o Immediate effect on CGM f
20

S|I



VERTEX CGM POLYLINE

BULGE - CGM CIRCULAR ARC 3 POINT

WIDTH Either (1) CGM LINE WIDTH if width is
constant or (2) CGM POLYGON if width is not
constant, as in an arrow

SEQEND Nothing or CGM POLYLINE if closure flag is 1

SCALE FACTOR CGM SCALING MODE "metric"

NEW LAYER CGM BEGIN PICTURE

LINE EXTENSION CGM POLYLINE

TRACE EXTENSION CGM POLYGON with interior style "hollow"

BLOCK BASE CGM POLYMARKER with marker type equal to
block number

NUMBER MODE CGM VDC TYPE.

Other Notes:

1. BLOCK BASE maps into CGM POLYMARKER only if the symbols
denoted by block number are known to the receiving system as
built-in markers.

2. No recognition of text primitives is performed by
CAD/Camera.

4.3.3 Optigraphics

Information in the header section maps to the CGM elements
SCALING MODE "metric" and VDC EXTENT. The maximum linewidth
element cannot be represented directly in the CGM, but would be
used during rendering to clamp the width of wide lines to some
reasonable maximum.

Information contained in the Symbol Library Definition Section
does not directly map to any concept contained in the current CGM
specification. However, current work on extending the CGM to
include the concept of segments is underway. When complete,
these new CGM elements will be able to represent symbols well.

The geometric entities map directly to CGM entities with two
exceptions as noted in the list below:

VECTOR STRING CGM POLYLINE or POLYGON
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RECTANGLE CGM RECTANGLE I
CIRCLE - CGM CIRCLE 3
CIRCULAR ARC CGM CIRCULAR ARC CENTER [CLOSE]

ELLIPTICAL ARC CGM ELLIPSE or ELLIPTICAL ARC (CLOSE] 3
B-SPLINE No CGM counterpart; use GDP or reduce to

POLYLINE's 3
ARROW No CGM counterpart; use GDP or reduce to

POLYLINE's or POLYGON

FILLED AREA CGM POLYGON or POLYGON SET

TEXT STRING CGM TEXT with attributes CHARACTER HEIGHT,
CHARACTER EXPANSION FACTOR, CHARACTER I
SPACING, CHARACTER ORIENTATION

SYMBOL OCCURRENCE INSERT SEGMENT under transformation or 3
POLYMARKER only in very special
circumstances.

Other Notes:

1. The rotation and scale parameters of SYMBOL OCCURRENCE are
not yet supported.

2. Generalized Drawing Primitives (GDPs) for B-SPLINE and ARROW
would have to be registered and supported for the CGM to
perform well as a replacement for ODF. (Both of these are
going through the registration process via another CALS
task.] a

3. All vector entities have a display type: solid
(corresponding to CGM INTERIOR STYLE "solid"), hidden
(corresponding to CGM interior style "empty" with no
boundary visible), centerline (corresponding to "hollow"
filled areas with "solid" borders), cutplane and phantom.
These last two display types are not explained in the
available documentation.

4. All vector entities have line width. m

5. No vector entities have color.

6. Although text is recognized, specification of text font is
not supported, unlike the ANA Tech and Scan-Graonhcs
systems.
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4.3.4 Scan-Graphics

Only severr element types are used by RAVE to represent the
scanned image. These are listed below along with their
correspondence with CGM elements.

SIMPLE VECTOR (centerline)
CGM POLYLINE

SIMPLE VECTOR (outline'
CGM POLYGON with interior style "hollow"

CIRCLE CGM CIRCLE

CIRCULAR ARC CGM CIRCULAR ARC CENTER

TEXT with attributes
CGM TEXT with the attributes CHARACTER
HEIGHT, CHARACTER ORIENTATION, CHARACTER
EXPANSION FACTOR, CHARACTER SPACING, TEXT
ALIGNMENT, and TEXT FONT INDEX

FIDUCIAL Not supported directly by CGM; would have to
be represented by a registered GDP (a
fiducial appears to be a text string
representing a latitude and longitude)

CENTERED SYMBOL CGM POLYMAtRKER with attribute MARKER SIZE and
MARKER SIZE SPECIFICATION MODE equal to
"absolute"

USER-DEFINED SYMBOL
Would correspond to INSERT SEGMENT under
rotation and scale, when the extended CGM has
been defined to include a segmentation
facility.

Other Notes:

!. Color cannot be represented.

2. Several additional elements--ellipse, hyperbola, parabola,
and dimension line--are planned to be used but are not yet
generated by the RAVE software.

3. Line width information appears to be specified outside the
IDS--at least the documentation provided did not seem to
include a place for that information.

4. There was no indication in the documentation of how software
reading the :DS would know whether a SIMPLE VECTOR
represented a cenrterline or an outline.
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4.4 Interface to IGES

4.4.1 ANA Tech

Only four of the SOF elements are mapped to IGES entities: 3
MOVE/DRAW Maps to the IGES COPIOUS DATA entity (106)

form 11. 3
TEXT Maps to the IGES GENERAL NOTES entity (21.2).

CIRCLE Maps to the IGES CIRCULAR ARC entity (100). 5
ELLIPSE Maps to the IGES CONIC ARC entity (104) form

1. 1
What happens to the other graphic primitive information from
POLYGON and AREA elements is unstated. Presumably the outline
information is converted to lines (IGES COPIOUS DATA form 11),
but what happens to the filled portion is not documented.

4.4.2 AutoDesk

CAD/camera cannot directly output IGES files. However, because
the CAD/camera vector files can be read by AutoCAD, IGES files
can be produced if there is an IGES file generator available from m
AutoDesk. The IGES entities so created are not described in the
available documentation.

4.4.3 Optigraphics S
Optigraphics sales literature states that vector data can be
expressed in an IGES format optimized for the target CAD system.
However, no documentation describing the actual ICES entl:ies
used was made available.

4.4.4 Scan-Graphics i
RAVE IDS files can be converted to ICES formatted vector files
according to the following mapping of IDS data types to :GES I
entities.

SIMPLE VECTOR (centerline) I
IGES Line Entity (110) or Copious Data Entity(106 form 12)

SIMPLE VECTOR (planar outline) I
ICES Plane Entity (108)

CIRCLE and ARC IjES Circular Arc Entity (100) 3
24
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TEXT IGES General Note Entity (212)

DIMENSION LINE (when supported)
ICES Leader Arrow Entity (214 form 2).
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IV. RECOMMENDATIONS AND IMPACTS

1.0 Regarding the Process 3
As described in Section 2 of the Discussion section above, three
types of databases are typically created during the process of
converting a physical document (paper, aperture card, etc.) to a
digital form. These types are: (1) a compressed bitmap file with
editing capabilities limited to cosmetic cleaning up of the
digitized image; (2) a CAD-compatible vector database, which I
represents the drawing in an efficient manner and which permits
easy modification and redisplay at different sizes, resolutions,
and orientations on a wide variety of hardcopy and softcopy l
devices; and (3) a CAD-accurate geometric database, which is
dimensionally accurate and consistent, permitting engineering
analysis and redesign using a CAD/CAM system. 3
If the goal is to clean up and make a few minor changes to an old
drawing, a bitmap database will suffice. In CALS, bitmap
databases could be used:

- To provide images and photographs for technical publishing
applications. Maintenance manuals and user's manuals,
informative newsletters, and technical specifications are I
just a few of the end-products of the on-line computer-based
publishing industry that has emerged in the past few years. 3

- To support procurement; that is, drawings could be
disseminated as part of bid packages. I

- To support computer interactive training and maintenance
delivery systems. Photographs, drawings, and even animated
sequences could be displayed at a raster graphics terminal to
explain how to use or fix a piece of military equipment.

Resizing and rotating raster images is expensive and introduces I
distortions caused by statistical resampling of the image (known
as aliasing effects). Similarly, aliasing effects appear if one
needs to display an image with a different resolution than the
resolution at which it was scanned in and stored. Consequently, I
limited use can be made of these raster databases. Even if one
were to standardize on, say, 200 dot per inch resolution for
storing and displaying documents today, in the future, 300, 400, I
and even 500 dot per inch display technology will be affordable
and commonplace. Indeed, already today in the technical
publishing industry, 300 dpi is the laser printer standard; 400'
dpi is available on some high-end large format electrostatic n
printers used for CAD/CAM, facilities management, and mapping
applications; and 500 dpi and higher is used in the color
pre-press and typese:ting worlds.
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Recommendation 1: The CAIS program should continue to
participate in a standards development activity to specify a
formal, raster image file format. The standard should: -

- Incorporate CCITT and other compression algorithms.

- Be based on the CGM file structure and encoding
techniques.

3- Support multiple bit-per-pixel images.

- Not be tied to any particular set of resolutions.

If the drawing will be used in other designs, will be changedI often, is needed at various sizes and orientations, and will be
displayed on a variety of hardcopy and softcopy devices with1
different resolutions, a CAD-compatible (vector and fill area)
database is most useful. In CALS, CAD-compatible databases could
be used:

- In engineering design systems, to input older designs that
are intended to provide a conceptual starting point for new
designs or to input new conceptual designs developed on3 stand-alone CAD workstations (perhaps even PC-based).

- To support the technical publications process in all its
phases. Pictures represented as CAD-compatible databases can
be cropped, scaled, rotated, and composed to fit the needs of
'the documentation. They can be modified and enhanced by a
graphics artist or technical editor to emphasize or
illustrate certain features vital for proper maintenance or

use.

- To support the procurement process in all its aspects.I Drawings can be manipulated just as in the technical
publications process for similar purposes. In addition,
diagrams, drawings, and displays represented as standardized
CAD-compatible databases can be disseminated by the,1 Government to bidders to be used as benchmarks in the
evaluation of the graphical speed, capacity, and capabilities
of military components and subsystems. Conversely, a z-,dII. package may request that bidders submit standardized,
CAD-compatible databases representing the display
capabilities 'of their systems. Government employees could~
then use these data to evaluate the technical merits of the
proposals.

-To support computer-based interactive delivery of maintenance
and training assistance. Pictures stored as CAD-compatible
data are much more suitable for manipulation, enhancement.,
and animation than are images stored in raster form. Where
photographs or n-.;nf-density maps are needed, ahvr
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approach with the raster data in the background and vectors,
filled polygons, and text overlayed in the foreground -s a
very viable approach. 3

Within CALS, converting drawings to CAD-accurate databases 4s
needed in three situations: i

1. When a major engineering design effort is undertaken and
that effort is based on a previous design. For example, an
improved design of an airframe would probably want to start
from the complete geometrically accurate database of the
current airframe.

2. When spare parts need to be procured or reprocured. For 3
example, in the automated manufacturing of reprocurement
parts, the database could be included in the bid package for
a supplier to pass directly to a numerical control machine 3
for manufacturing.

3. When a part or subsystem needs to undergo extensive
engineering analysis. For example, analysis for points of m
high stress or strain in a helicopter propello:

Recommendation 2: Suppliers of Raster-to-Vector Conversion 3
systems should be urged to supply CGX (FIPS 128) files as a
standard way of exporting both the unprocessed vector
information (that is, the output of Steps 3 and 4) and the
processed vector information (that is, the output of Steps 5
and 6). This would permit vector representations of
drawings to be immediately usable in a wide range of
publishing and drawing systems that plan on using
ANSI/X3.122 (FIPS 128), CGM, as their standard for importing
picturec and diagrams. Publishing systems built around
ODA/ODIF already specify the use of CGM. a

2.0 Regarding IGES

Exporting CAD-compatible information using IGES is an important I
feature of present-day systems. However, the weak conformance
rules associated with the IGES standard (X3.110-1981) reduce its
effectiveness, and therefore, only a few entities from IGES seem
to be used by any of the raster-to-vector conversion systems.

Recommendation 3: Using the set of conformance guidelines
and application subsets for IGES (DOD-D-IGES) ,work with I
industry suppliers to raise the level of intelligence that
can be understood by all IGES interpreters. Then, develop a
set of specifications for raster-to-vector conversion I
systems conformance. The specifications should indicate how
different components of a drawing should map to IGES
entities. I
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3.0 Regarding CGM

Recommendation 2 suggests that CGM be used as the primary vehic]e
for exporting digital representations of drawings obtained from
raster-to-vector conversion systems. Although CGM ran be used in
its present form as documented in section 4 of t-e Discussion
section above, enhancements to CGM coald be made to make the use
of CGM more efficient and effective. Several ESCAPE's and GOP's
should be specified and registered with the ISO Registration
Authority.

These are described in the followin':

An ARROW line attribute ESCAPE
This modal attribute would apply to all subsequent
polylines and circular and elliptical arcs and
would allow four enumerated values: (0) no arrows;
(1) arrow at end; (2) arrow at beginning; and (3)
arrows at both ends.

An ARROW SHAPE attribute ESCAPE
This modal attribute would control the appearance
of any arrows drawn as a result of the ARROW
attribute. Control over the length of
arrowhead--from tip to base, its width at the
base, and whether the arrowhead is filled or
outlined should be provided as aspects of this
attribute.

A SPLINE GDP element
The parameterization should probably be based on
non-rational B-splines. However, experts from the
CAD/CAM field should be consulted prior to this
GOP's definition.

An ESCAPE control element
Specified as a two-state flag, this element when
encountered in a metafile would disable or enable
clearing of the viewing surface at the beginning
of the next picture and all subsequent pictures.
This functionality has been proposed in the TO?
3.0 CGM application profile and is needed to
implement layers.

Two of the above items, namely the ARROW line attribute escape
and the SPLINE GDP element, have already been identified in Task
2.2.2.2.2 of the CALS SOW, and have been prepared for the
registration process. In addition, NBS will be investigatinc
whether there is a future need for representing fiducials,
hyperbolas, parabolas, and dimension lines directly in the COM.
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Recomendation 4: As outlined above, CALS should prepare m
several proposals for Graphical Item registration to support
raster-to-vector conversion technoloqy.

The more sophisticated raster-to-vector systems support the I
creation of a Symbol Library for a drawing by recognizing
instances of common geometric forms like diamonds, resistors, and l
arrowheads. In the current CGM, each instance of such a sFm±rol
would have to be described with its full geometry. No references
to global definitions of symbols are possible. However, tte
extended CSM development work taking place withnn -SC and ASZ
X3H3 :s considering adding a segmentation faci::ty to CSM. The
rules regarding where segments can be defined and the scope ru;es
relating to referring to segments have not yet been decided. 3

Recommendation 5: Continue work through the Standards
committees to advocate that the extended CGW permit segments
to be defined outside a picture; i.e., in the metafile
descriptor. S?'ch segment definitions should be able to be
referenced from within any of the pictures comprising the
metafile. A facility comparable to GKS's INSERT SECMtNT
under transformation (to permit scaling, rotation, and
translation of the symbol) should be supported in the CGM.

This recommendation is already being worked on in support of TasX 3
2.2.1.2.1 of the CALS SOW.

I
a
I
I
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V. SUMMARY AND CONCLUSIONS

Three standards are relevant to the raster-to-vector conversion
technology. Photographs and drawings may be scanned in and
stored in one of the CCITT Group 3 or 4 facsimile formats.
Similarly, previously generated raster images may be accepted by
a raster-to-vector conversion system in one of the CCITT formats.

Unstructured vector data may be represented using the formats
provided by ANSI/X3.122, the Computer Graphics Metafile (CGM).
The CGM provides a standard syntax and semantics for storing and
transmitting a broad range of color, gray-scý.Ia, and
black-and-white pictures, represented as both vector drawings and
raster images. Three encodings of CGM have been standardized.
Each encoding meets different design objectives--compactness,
speed of processing, and ease of understanding.

Structured and edited geometry data can be formatted for entry
into CAD/CAM systems for subsequent modification and analysis
using ANS/Y14.26M, the Initial Graphics Exchange Specificition
(IGES).

The specific recommendations made above concern CALS sponscrship
of changes and inprovements in these standards to support CA:S
requirements associated with scanning, storing, editing,
modifying, and exporting drawings in digital form by automated,
computer-based raster-to-vector conversion syst-ems.

Generally speaking, the technology has advanced to the point that
most raster-to-ve:tor conversion problems can be solved by the
application of some combination of automatic and manual methods,
at an acceptable speed, with adequate accuracy. Each application
requirement hai its own price point; whether the price is
cost-effective depends completely upon the application and the
volume of work required. Where justified, the conversion process
should begin now using current raster-to-vector conversion
technology.
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GLOSSARY

character set The set of displayable symbols mapped to
individual character codes in a text string. A
character set is independent of the font or
typeface.

color In the context of this report, in addition to
its ordinary meaning, the word color includes
bi-level black-and-white (so called, monochrome)
systems and multilevel gray-scale systems.

color table A table for use in mapping from a color index to 3
the corresponding color.

control elements Metafile elements that specify metafile 3
delimiters, address space, clipping boundaries,
picture delimiters, and format descriptions of
the metafile elements.

descriptor elements
Metafile elements that describe the functional
content, format, default conditions,
identification, and characteristics of a
metafile.

device-dependent A system or portion of a system that contains I
logic, algorithms, or data that are consistent
with the behavior of a specific graphical
device.

device-independent
A system or portion of a system that contains 5
logic, algorithms, or data that do not require
nor represent knowledge about the behavior of
any particular graphical device. 3

device coordinates
The coordinates native to a device;
device-dependent coordinates; physical device a
coordinates.

direct color A color selection scheme in which the color
values are specified directly, without requiring
an intermediate mapping via a color table.

escape functions Graphical functions that describe 3
device-dependent or system-dependent elements
used to construct a picture, but that are
otherwise not standardized. 3
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external functions
- Functions present in some graphics standards-

that communicate information not directly
related to the generation of a graphical image.

metafile A mechanism for retaining and transporting
graphical data and control information. This
information contains a device-independent
description of one or more pictures.

metafile generator
The process or equipment that produces a
metafile.

metafile interpreter
The process or equipment that reads a metafile
and interprets the contents to produce again the
picture represented in the metafile.

normalized device coordinates (NDC)
Coordinates specified in a device-independent
coordinate system, normalized to some range
(typically 0 to 1).

pixel The smallest element of a display surface that
can be independently assigned color.

Sprior agreement A process whereby the generator of a metafile
and the recipient of the metafile come to some
understanding regarding the content or format of
the metafile, that understanding not being
recorded in the metafile itself. In a bl ni nd
interchange environment, prior agreement can be
used to overcome limitations of exchange
standards.

segment A collection of graphical functions that can be
manipulated as a unit. Once functions are
grouped into segments, they are referred to as

Sworld coordinatessegment 
elements.

Coordinates specified in a device-independent
coordinate system, whose units are selected bv
and are meaningful to the client.

25I
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APPENDICES

APPENDIX A: VENDOR LIST

The following table lists the companies contacted and the
information received. m

VENDOR NAME TECH.DOC. SALES LIT. 5
ANA Tech Corp X X
Audre, Inc. X
Autodesk, Inc. X x I
Automated Scanning, Inc. X
Eikonix X
Formative Technologies X
Impell Corp. x I
Metagraphics x
Optigraphics X X
Professional CAD/CAM X I
QC Data X
Scan-Graphics X X
Scan Group International X
Scitex X
SkantekSysScan, Inc. X
Versatec X 3
Vidar X

Complete mailing addresses are given below. Where known,
technical or marketing points of contact are provided. I
ANA Tech Corporation 3
10499 Bradford Road
Littleton, CO 80127
303-973-6722
Contact: Mr. Jerry Kasten

Audre, Inc.
10915 Technology Place
San Diego, CA 92127
619-451-2260 3
Autodesk, Inc.
2320 Marinship Way
Sausalito, CA 94965
415-331-0356 I
Contact: Mr. Gary Wells

I
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Automated Scanning, Inc.
8000 E. Girard, Suite 402
Denver, CO- 80231
303-696-6242
Contact: Mr. Don Van Dyken

Eikonix Corporation
23 Crosby Drive
Bedford, MA 01730
617-275-5070

Formative Technologies, Inc.
Foster Plaza VII
Anderson DrivePittsburg, PA 15220

412-682-8000

Impell Corporation
2201 Dwight Way
Berkeley, CA 94704
415-549-9119
Contact: Mr. Jerry Goedicke

Metagraphics, Inc.
30 Commerce Way
Woburn, MA 01801
617-935-6380
Contact: Mr. James Nemecek

Optigraphics, Inc.
9339 Carroll Park Drive
San Diego, CA 92121
619-292-6060
Contact: Mr. Hiram French

Professional CAD/CAM Systems, Inc.
6709 Chokeberry Road
Baltimore, MD 21209
301-486-0644
Contact: Mr. Karl Yatovitz

QC Data Collectors, Inc.
777 Grant Street, t111
Denver, CO 80203
303-837-1444
Contact: Mr. Kenneth Turnbull

Scan-Graphics, Inc.
700 Abbott Drive
Broomall, PA 19008-4373
215-328-1040
Contact: Mr. Larry Krueger
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Scan Group International
5200 S. Quebec Street, Suite 300 5
Englewood, CO 80111
303-771-0017
Contact: Mr. Richard Amico 3
Scitex America Corp.
Eight Oak Park Drive
Bedford, MA 01730 U
617-275-5150

Skantek Corp.
150 Bethel Road
Warren, NJ 07060
201-647-7747
Contact: Mr. Jeffrey Arnold

SysScan, Inc.
100 Jerico Quad
Jericho, NY 11753 I
516-937-0002
Contact: Mr. Darrell Johnson

Versatec
2710 Walsh Avenue
Santa Clara, CA 95051-0982
408-338-0243

Vidar Systems
520 Herndon Parkway
Herndon, VA 22070
703-471-7070 3

m

I
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APPENDIX B: EXAMPLES

Examples of the Raster-to-Vector conversion process from ANA
Tech, Automated Scanning, Scan-Graphics, and QC Data (using an
Optigraphics system) are contained in this appendix.

Note especially the final five diagrams from QC Data. This
series illustrates how the same drawing is represented with
increasing fidelity, accuracy, and completeness as it is
manipulated by several stages of processing.

9
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DEVELOPMENT OF CGM

VALIDATION ROUTINES



Aucust 27, 2r•;

DEVELOPMENT OF CGM VALIDATION ROUTINES

1. PURPOSE

Accelerate development of CGM validation routines.
(Task 2.2.3.3.2)

2. BACKGROUND

As a result of NBS/ICST efforts on DoD CALS in FY 86, CGM was
recommended as the computer graphics standard of most immediate
benefit to DoD CALS. CGM, or the Computer Graphics Metafile, is
a standard which provides for the description, storage, and
communication of graphical information in a device-independent
manner for automated information interchange. CGM will provide
CALS with more efficient transfer and more compact storage ofillustration files.

But the development of standards is, alone, insufficient for DoD
CALS needs. The increasing complexity of computer technology
standards such as CGM demands the creation and implementation of
conformance tests to ensure that CALS systems will in fact 'e
able to interchange data. Thus, requiring the use of CGM in
major DoD weapons and automated systems procurement will ensure
the availability of products that due in fact support the CGM
standard.

DoD CALS has a very ambitious schedule for having such
conformance tests in place to serve CALS needs. However, the NBS
Strategic Plan for Validation of Computer Products in Support of
the-CALS Program predicts that CGM conformance tests will not be
ready for at least three years. Validationi tests for CGM are in
their infancy, but NBS hopes to build on the extensive body of
knowledge gained from the development of the GKS validation tests
to try and accelerate this process for CGM. This particular task
is a continuing effort, which will be accomplished by
participating in the development by West Germany of the CGM
conformance tests. If direct participation is not possible, then
NBS/ICST will input CALS comments concerning the timeliness and
quality of these tests on a continuing basis. This report serves
as an update to DoD CALS concerning efforts made so far under
this task.

3. DISCUSSION

&. PL UL hai.s Lask', uanrei i. benigni and iark Ska±i of ikýI
attended a GKS-3D and CGM Certification Workshop in Manchester,
U.K. on March 2-4, 1937. The workshop was intended to examine
in-depth the strategies for validating conformance to CGM and
GKS-3D. Of course, the CGM session was the primary concern
because of its possible repurcussions for CALS' needs for CGM
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testing. Other participants inc]uded represent-tit'/s of
various test centres in Europe, namely the U.K., France, anc West
Germany. They are the groups involved in testing implementati'J i
of the GKS computer graphics standard, and will be addinr4
conformance testing of CGM implementations once they haire been
written. Thus they have a great stake in coming up witn a CGM
conformance strategy that is feasible.

3.1 CGM SESSION RESULTS i

The CGM session concluded that the CGM standard has weak
conformance requirements and tests for conformance solely to the
standard were not sufficient. Test centres agreed with ICST's
position that determining conformance of CGM generators and I
interpreters is essential for a test centre since the essence of
CGM is to ensure that it can transfer graphical data between two
systems. ICST introduced the concept of Application Profiles
(AP's) as a means to define specific user requirements which
should be tested against. This strategy envisions that different
constituencies such as MAP/TOP and CALS would develop AP's for
the CGM which generic test routines would use as input to test I
for minimum requirements for CGM generators and interpreters.
Test centres ir. Europe indicated that they would be willing to
test for different AP's. This is very important for CALS, since I
it could provide a mechanism for meeting CALS' specific testing
requirements for CGM.

A proposed CGM testing architecture including testing for CGM U
generators and interpreters was defined based on the model for
OSI transport layer testing. The conclusion about this
architecture was that checking results would still be very
manually intensive (i.e., visually comparing two pictures).
Another problem concerns how to tell the implementation under
test (IUT) how to create a metafile. Possible options include:
let the site choose; give the site example graphics programs in
GKS to produce metafiles; or give the site a picture from which
to derive a metafile. These problems were not resolved at this
meeting. m
3.2 CGM TESTS STATUS

During the workshop NBS/ICST learned that GTS Gral, under i
contract to GMD, has begun work on CGM conformance tests to the
standard in the form of a syntax checker which only tests the
static metafile. Although this is of limited use for CALS, it I
does provide the basis for building further tests on top of it.
Peter Scloendorf of GTS Gral, who is developing this software,
gave the status of this development. In brief, he has almost i

uoLpl•d ckii sLrLc.AI checker tor bi-nary encoaed metatiles ana
will be completing the software for all three CGM standard
encodings in the next few months. NBS will be monitoring this
work as closely as possible.

i
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3.3 NCC AND TESTING OF THE COMPUTER GRAPHICS METAFILE

NBS, in conjunction with Eurographics, is cosponsoring an
international workshop entitiled "The CGM in the Real World,"
which will take place at NBS 4-n September. NBS, as cosponsor,
has been able to assign a number of topics to top experts in the
field to write position papers on various aspects of the CGM. In
part to satisfy this particular task, Jane Pink, GKS Test
Service Manager at the National Computing Centre Ltd. (NCC) in
the UK, was asked for her opinions on how CGM implementations
might be tested, what would be involved, how a test service might
be set up for CGM, and what efforts the UK is planning for CGM
testing. Her paper, entitled "Testing of the Computer Graphics
Metafile" has been received, and here is a brief excerpt from it:

It has been determined that very little testing for
conformance can be carried out on a CGM implementation.
Such testing is limited to checking the file format of a
given metafile. However, it is likely that useful
information could be provided by an evaluation service,
providing for testing of generators and interpreters.

... such a service would be economically viable, .assuming
that funding can be found for development of the test system
required, (since) it is likely that the demand from users of
CGM implementations will force the implementors to submit
their products for testing. The CGM has been included in
the TOP (Technical and office Protocol) Application Profile
and it is likely that tests for conformance to this profile
will be required.

Future work in the UK on CGM testing will be directed toward
ensuring that the tests and test procedures (that are
developed for CGM) are accepted on an international basis.

Thus, it appears that the UK is serious about expanding their
test services to include the CGM. NBS will be closely monitoring
future efforts of the NCC in the area of CGM conformance testing
as part of this continuing task.

4. RECOMMENDATION

Continue monitoring this work and provide comments and input
concerning the timeliness and quality of the work.

5. IMPACT

N;BS/ICST was ýae Co iat direction for an architecture ror the

development of CGM conformance tests which coincides exactly with
the elements of the Statement of Work for CALS this year. First
is that testing to the standard itself is not enough; the tests
must include the CGM generators and interpreters. Part of the
work this fiscal year Ls to develop a plan for the development of

U
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additional conformance tests needed to validate software that
generates and reads retafiles, which will be in the form of a
reference implementation for CGM. Second, the test centres have
initially agreed to test to CGM Application Profiles, a concept
that NBS introduced at the CGM session. This is also reflected
in the Statement of Work, which has a task to develop conformance
definitions for CGM generators and interpreters in the form of an I
Application Profile. This task is being accomplished by defining
an CGM Application Profile for CALS.

6. CONCLUSION U
The result of this meeting for CALS is that some thought is being
given to developing tests for CGM conformance, now that the
standard is in place, and implementations are starting to hit the
market which purport to adhere to the standard. NBS plans to
continue this work, and through our efforts on the Application
Profile for CGM in CALS and the development of the reference
implementation, we hope to accelerate this effort in the coming
years to meet CALS schedule needs.

7. REFERENCES

A. Proposed Statement of Work, NBS support for DoD Computer
Aided Logistic Support Program, December 18, 1987.

B. NBS Strategic Plan, Plan for Validation of Computer Products
in Support of the CALS Program, Version 2, January 29,1987.

C. Summary Foreign Trip Report, GXS-3D and CGM Certification
Workshop, March 13, 1987.

D. Testinj the Computer Graphics Metafile, Report on the
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8. APPENDICES

Reference D provides an in-depth report of the entire CGM se-sion
of the Manchester Workshop, and follows as Appendix A.

I
U

I



APPENDIX A

TESTING THE COMPUTER GRAPHICS METAFILE

REPORT ON THE WORKSHOP HELD AT

THE MOORSIDE HOTEL, DISLEY, ENGLAND

2nd-4th March 1987
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! K~ngdart.

The group considered the conformance requirements of the CGM.
'The CGM recognises two levels of conformance: firstly, Full
Conformance where a metafile conforms to both the abstract
specification of the CGM (Part 1) and to one of the three
encodings (Parts 2-4); secondly, Functional Conformance where the
metafile conforms to the abstract specification but uses an
encoding other than those described in the standard. It was
considered that clearer, and possibly stronger, conformance
requirements could have been specified. It was recognised that,
in practice, such conformance restrictions are being recogn-ised
for application areas, such as MAP/TOP and the Office Document
Architecture Standardisation.

Validation testing of a metafile and evaluation of the Generator
and Interpreter were considered to be needed by a testing centre.
Although only the metafile itself can be tested for conformancethere will be value in further evaluation. This may offertesting to application profiles, such as the MAP/TOP profile.

Testing for full conformance of a metafile was discussed in some
detail. There is a need to test the semantics and syntax of a
metafile. This can be similar for all three encodings. The
elements included can be compared with the element list.
Consistency of parameters can also be examined.

Functional conformance is more difficult to test. We need to
extract information about the test metafiles and thus test their
conformance to the abstract specification of the CGM. The group
felt that it was reasonable to require a clear text encoding
description of the metafile from the system under test. Binary
or character encoding could also be supplied but may require more
work for the implementor. This clear text metafile could then beg tested by the test centre.

An overall testing strategy was envisaged with the test centre
having a CGM encoder and decoder capable of producing and
interpreting any legal metafile. lilegal metafiles may also be
produced for testing. The test centre would take a metafile from
the test implementation and check for conformance to the standard3 as described above.

It was considered useful to be able to specify the content of the
test metafiles. The anly; other alternative is for the test site
Co cnoose zne metazres to be tested; this is inconsis*eri.
between tests. The test centre could specify the metafiles using
one of two approaches: describe pictures to be created by the CGM
generator, either in sone formal way or simply as pictures; or
to give the test suite some GKS programs from which metafiles can
be created. This latter choice does not define the preciseI.

I
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nature of the metafiLe produced but has the advantage ot
spec fvi.na the picture -o be produced in a s-andarl way ard sI

more equitable between tests.

Testing the interpreter is not part of the standard but may be a I
useful evalutation, or necessary for particular application areas.
The test centre, having extracted information about an
implementation, would generate test metafiles to the alleged
support level. The pictures produced by the interpreter could be
checked to some standard pictures and script. These may be the
same pictures as used for the GKS operator tests where
appropriate. In cases where both a generator and interpreter are
available an output metafile can also be tested.

Report information is also necessary. A file of statistical I
information on the content of a metafile would be produced.
Information containing details of errors is also necessary. This
latter file will ccncain information on the nature and location
of the error; a reference to the standard where appropriate; a
list of any parts of the metafile which have been skipped; and a
summary of the elements. 5

I
I
I
I
I
I
I
I
I
I
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.ndica:.ng -ossitle tes-ang 3trztegies.

r. rntroduct1on to the CGM

The CGM consists of 4 parts:

Part I Abstract Specification

2 Character Encoding

3 Binary Encoding

4 Clear Text Encoding

The CGM defines two levels of ronformance:

- full conformance
- to Parts 1 and an encoding from Parts 2-4

- functional conformance
- to Part 1

Tests for conformance are only tests of the generator. t :a'' ýe
useful to have evaIuaton teszs as we!l.

What approach can be made to CGM testing? We can learn fr,_ 'SvS
tests and also from OSI tests. The tests for the C'M may - e
approp:iate for the CG too.

2. Good test toos

Jane P~nk brief:7 discussed criteri a for good test ts•ls. The
imcortant •oints were:

- test tools should be easy to mnLement. N1,o too t az:;r
intensive, and not too costly to implement.

- ;ulult reporting should be as automated as possibLe. Less
manual checking. Less reliance on human ;udgeqenet.

These crlteria make life easier for the test zentre.

1The presentation then looked at a possible testing stratecv for
the C4GM.

An imoortant cart testing the CGM is to ensure that t 3n

tran bteen two systems

Lookinq at testinq ZM interpreters and generators. The onIy
test service commerciaily available, which bears some simxlarz:y
to the testina of COM interpreters and generators is OS: testin:.
'n OS: testina, the aLM Ls to check for the correct transfer

I
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3a~ ~ ~ :ef S,>st--qn f-o test-: S
.a./- 4, :6e Tranzport. iayer, of the OS: '-sayer nc, I
It seemed sensible to investigate the test strategy used for
transpor: layer testing and see if it was applicable to the CGM. I
it we briefly look at the test model used (figure 1).

3. OSI Transoort Laver Testing j
3.1 Introduction

The aim is to demonstrate that the Transport Ser:-ce under test
is capable of providing for the transfer of data between users.

The testing involves communication over a live network between
two distinct systems, one of which is under the control of NC'.-

3.2 Test Method

As with all 3rd party test systems 'black box' testing is ';sed
i.e. the internals of the system under test are not examined.
OSI test,.g Ls carried out remotely, controlled from the NCC test
machine.

3.3 EIements of the OS: Test System I
Test Driver.

Overall control of the tests to be performed is done by the test
driver.

The test dr-ver reads and executes tests held an backing store. 3
"Reference :n;l enentation"

An iiementation of the Transport Service with an additional
capabJIIt'. of sending/receiving invalid data.

Data •s transmitted to the Implementation hnder Test (:UT) by I
means of the netwcrk service, provLded by layer 3, the network
layer. I
The Reference :mpleme.tation also receives data from the IUT and
decodes .t.

- Logs incoming and *9ut;oinq data (PDU's)

- generates invalid data.

I
I
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System Under Tas 3
IUT - Tholementation Unrer Test.

The Test Responder ic supplied by NCC, in a number of programming
languages. It represents a predictable user to the IUT and
controls and observes the implementation.

3.4 Summary

In summary the similarities to CGM testing are: I
- trying to demonstrate that data can be transferred correctly
between systems. i
However, in OSI testing, activity can be monitored both at the
upper and lower interfaces of the IUT. I

Therefore for transport layer testing, we can observe via the
network layer (the transport layer uses services of the network
layer) and the presentation layer (the transport layer provides a I
service to the presentation layer).

The CGM is different. We can only examine activity at one
interface. I
However, Anne and I have attempted to fit CGM testing into an OS:

like model.

3.5 A orooosed CGM Test Architecture (Fiaure 2)

The test library contains test data.

The utility program controls the encoder/decoder. The utility
program is capable of generating test cases according to I
information supplied about the capabilities of the :UT.

The encoder/decoder is a CGM implementation with the extra
capability of being able to generate incorrect CGM data streams.

3.6 Test orocess 5
The encoder/decoder sends a CGM to the IUT. The IUT interprets
the metafile and outputs the picture to a display. The display
can then be manually checked for correctness. The IUT can then I
be asked to generate the metafile. The encoder/decoder reads themetafile and outputs the picture to a display for checking.

Figure 3 locks at testinq only the CGM generator. This is mcrn
difficult. 'e are asking the implementor to generate a
particular test picture from some picture description data. The
picture is stored in a metafile. The encoder/decoder reads the
metafile and outputs the picture to a display for checking.

i
I
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totems •esc:•e'i for C•X testin~g is very manuily -n: ,÷. ½
must Lon, at ways ot automat-ng the test model. g
4. Testina The C5M Generator

The state diagram from the CGM (figure 4) gives a useful basis
for testing.

We can recognise different levels in the metafile. 5
Metafile Level

BEGIN Metafile Pictures END
METAFILE Descriptor METAFILE

Picture Level 1
BEGIN Picture Picture END
PICTURE Descriptor Body PICTURE

Picture Body Level

BEGIN Control Primitive Attribute
PICTURE Elements Elements Elements
BODY

We can look at the structure independent of the actual elements.
Details can be output in the report.

Internal consistencies can also be checked, e.g. if the VDC TYPE
is to be integer then are integers used?

Testing can be automatic and recovery attempted to the next
element. I
Errors can be reported along with the script giving the metafU..e
contents. This could be clear text encoding.

A major problem is how to tell the implementation under test how
to create a metafile. Possible options are: I
- let site choose

- give site example graphics programs in e.g. GKS to produce
metafiles.

'f the 4 ,7•'7-zrnreter and a generator then aiv o I
interpreter a metafile and get the IUT to produce a display and
a metaf-ile. This is then checked. This is not ideal as we
cannot guarantee output will be the same as input. I

I
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The tes, :e:itre can 5end valid metafiies whih : n.%;:
l•:aims to cope with. rhe graphical output can be checked. ;Isc
the interpreter could possibly produce a metafile wh.:h is sant
back for testing on the test service machine. This couid
possiJbly go fhrough another loop back to the IUT.

6. Evaluation

This is also useful and things which might be included are:

- can the interpreter cope with

- invalid metafiles

- metafiles with elements beyond those it claims to support

- what elements are supported?

- DRAWING SET

- DRAWING Plus CONTROL SET

- MAP/TOP Application Profile

- does the interpreter have the same capability as the generator.

These presentations were used by the CGM group as a basis for
discussion.



Minutes of the '_'ýM Crouc: Monday 2nd Marzh ?91"

Mem.er.:5 o te Subgrou' for the workshop:
Chair - Anne Mumford, Loughborough Uni.versity
Members - Pecer Schloendorf, GTS-GRAL

Clemens Pflueger, GMD I
Jane Pink, NCC
Martin Goebel, PhG-AGD
Dan Benigni, NBS I
Mark Skall, NBS

2. The first order of business was to try and decide on an
Agenda to work by. Four points were mentioned, namely: I
a) What are the goals and objectives of CGM in the area of

conformance?
b) Discuss Full vs Functional Conformance.
c) Discuss structure and syntax.
d) Discuss CGM relationships to other standards

- GKS, CGI, Extended CGM.

3. In order to better understand the goals and objectives of the
CGM standard with respect to conformance, the following
portions of the CGM specification are repeated here so there I
will be no confusion.

7.1 Forms of Conformance 3
This standard specifies functionality and encodings of
Computer Graphic Metafiles, it does not specify operations
or required capabilities of metafile generators ormetafile readers. Guidelines are provided in Annex D, I
however, for those striving for uniformity of results.

A Metafile may conform to this Standard in one of two
ways. Full Conformance occurs when the Metafile conforms
to one of the encodings specified in the Standard.
Functional Conformance occurs when the content of the
Metafile corresponds exactly to the Functional n
Specification given in part 1 of this Standard, but a
private encoding is used. These rules are expanded in the
following sub-clauses. I
7.2 Functional Conformance of Metafiles.
A Metafile is said to be functionally conforming to this
Standard if the following conditions are met.
a) All graphical elements contained therein match the

functionality of the corresponding elements of this
Standard.

b) The sequence of elements in the Metafile conforms to
the relationships specified in this Standard, producing
the structure specified in this Standard. For example,
5he :Metat.I. must begin with BEGIN METAFILE and end
with END METAFILE, include exactly one metafile
description at the beginning which contains at least
all the required elements, and so forth, as specified
in this Standard.

n



:) Nio elements ap4ear in the metafiJe other than Shcs
specified in "the Standard, unless recuired -or -h

enodi~ng tec~ u•. AUl non-standardize. e.en-i i•a
enoded isinc7 the ESCAPE elements on r he t:*-z2:n
elements APPLUCATION DATA and MESSAGE.

7.3 F,41 .onformance of Metafiles.
A Metafile is said to be fully conforming to this Standard
if the following conditions are met.

a) The Metafile is funtionally conforming, as specified
above.

b) The Metafile is encoded in conformance with one of the
standardized encodings specified in this Standard.

I 7.4 Conformance of Other Encodings.
A functionally conforming Metafile may use a private
encoding. While it is beyond the scope of this Standard
to standardize rules for private encodings, Annex B
suggests minimum criteria that private encodings should
meet.

4. Also under the topic of the goals and objectives of CGM with
respect to CGM Conformance, the first question that arose
was:

- Who will apply for CGM testing?

- Will they generally have both generators and interpreters?

At this point Mark Skall introduced the concept of the
Application Profile (AP), which is being used in the MAP/TOP
arena in support of CGM as the interchange format for
computer graphic picture description information in an OSI
environment.

An AP defines conformance characteristics or permissible
combinations for all possible data streams that conform to
that profile. In Mark's words, it defines a set of
requirements needed by a generator and interpreter to
transfer data for a class of applications. An AP insures
inter-operability of implementation of ISO 8632.

The AP for MAP/TOP specifies conformance to the CGM in terms
of PERMISSIBLE, BASIC, NONBASIC, and DEFAULT values.
Permissible values are the range of values for CGM elements
as specified in :SO 8632. Basic values are the range of
permissible values that are mandatory for conformance to this
AP. Nonbasic values are the remainder of permissible values
for (cYrm -hg default values fzr CC.i zlems-tz
the implicit initial values that are assumed for each
parameter. Default values are explicitly overridden by the
Metafile Descripticn Elements, Picture Description Elements,
Control Elements, and Attribute Elements.
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'. ~ . 3~C~t~ ::-e c~uestion was -

~~~ ceredt test bev~zrid te :>i2 ::.

ipec i. on? The answer was yes. Thel te.:e wl i I
discussicn of what the breadth of testing should be. We
would like as a start to be able to have a simpLe, aut(:-at•-:
pass/fail test, but that is good for only the syntax testing
and for consistency of metafile definition. But then the
discussion turned on the need of testing the entire system,
of which CGM is only a part. Then we tried to identify what
the whole system might be in a CGM testing environment.

The two figures from Jane's and Anne's talks on their
proposed CGM testing architecture were then debated. It was
argued that in both of these figures, too much emphasis was
placed on the manual side of testing via displays, which
could be placed in a number of places.

It was discussed what form the data should be 'in if either of I
these figures were used. The 'Encoder/Decoder', which
specifies a full reference implementation capable of
producing any legal CGM, could pass data to an Implementation
Under Test (IUT) in the form of data, or a metafile, or
pictures. The pros and cons of each were discussed. The
point was also raised about the IUT - should it create a
metafile which the testing service could use to test against? I
Should an IUT be able to choose from a number of pictures
from a particular AP for -i class of applications? How does
an implementor get these pictures?

6. In terms of interpreters, the test service could have a
metafile based on an AP and restricted by what the IUT says
it supports. Then the IUT mught have 3 choices of output,
either: pictures, another metafile, or to a CGI. If pictures
were the choice, then we come around to the same argument
about manual comparison with no guarantees.

7. The meeting broke off with Mark expressing the need for
developing a list of issues. I

I

I
I
I
I



Minutes of the CGM Group: Tuesday March 3rd 1967

9,70 arm - f1.00 am

I. troduction - Summary of orevious discussions

it is ifentified that the testing of CGMs requires the
testing o the syntax and semantics of the CGM which provides
a picture capture mechanism.

Testing according to "application profiles" seems to be
useful to reduce the complexity of testing tools and to
provide a useful service. Further evaluation of generators
and/or interpreters seems to be desirable, although this is
very badly (not) described in the standard. For the second
purpose the need was seen to separate between generator
testing and interpreter testing.

The overall ait of the group is to set up a test strategy for
CGM. The first steps will be to consider aspects for testing
"Full Conformance". Then it must be evaluated if the tools!
strategy is also applicable for testing "Functional
Conformance".

2. CGM - Syntax Checker

Peter introduced us to the work he has done so far for
testing CGM syntax. The checker (see appended paper) is made
for binary encoded metafiles and assumes a certain file
format.

The checker is prepared to test the structure of a CGM, i.e.
performing state transitions according to the delimiter
elements (e.g. BEGIN METAFILE, BEGIN PICTURE, BEGIN PICTURE
BODY, END PICTURE, END METAFILE). Furthiermore, within each
state the checker is prepared to decide which Metafile
Elements are allowed and which are illegal.

As the tool is divided into decoder and checker (state
transition machine) it could be used for other encodings
assuming the decoder will be exchanged.

The checker recognises fatal errors, i.e. errors in the
structure (multiple existence of the BEGIN METAFILE, ... ) and
other (non fatal) errors, e.g. illegal use of metafile
element. An error report is generated. In the case of fatal
errors the checker stops whereas in the case of other errors

the checker skips to the next delimiter element. It should
be mentioned that the error behaviour is not yet determined
Sand i-,v he chanced.

It is recommended to extend the checker to be complete state
transition model of CGM, i.e. including the "PARTIAL TEXT"
state.



I
3. Areas preceiseY defined in C'M :for syntax •estzn7) 3

?t is intended to specify as :many aspects as pczs-..e :.aP
are to be used for precise testing of full conforMance.
Precise, in this case means that a "PASS/FAIL" dec:s-.ozr .s
possible' Four aspects found so far are:

a) the valid CGM Structure - which is expressed by the state
diagram (Figure 4). Delimiter elements perform state Itransitions.

b) the appearance of illegal elements - within each state a f
certain class of metafile Elements is allowed while others
are illegal. The use of illegal elements results in an
invalid metafile. 3

c) consistency with the CGM element list - the Metafile
Descriptor Elements describe the functional capabilities
required to interpret a metafile (section 4.3 of the I
CGM Standard). This Metafile Descriptor potentially
defines "application profiles". A metafile must not use
other elements than those specified in the descriptor
element.

d) consistency of narameters - depending on settings/
selections (e.g. colour selection mode) the parameters of I
specific metafile elements could be restricted to specific
types (e.g. index or RGB values) or limited to specific
ranges for parameter values.

The extension of the CGM within ISO defines metafile
categories. For different metafile categories, like a GKSM-
category with session capture facilities, the testing tools
may be different, because different categories (picture
capture - session capture) may contain different state
transition models or allow/permit the appearance of metafile I
elements in different states.

I
I
I
I
I
i



Metafile DescrIot r aene.s

Element Elements ef'ected

VDC Type graphical primitive elements, vd-c extent

Integer Precision ) graphcal pri~mitve el1ements
Real Precision ) and attribute elements

:ndex Precision attribute elements

Colour Prec4sion colour attribute elements,
colour where direct coliur •s used

Colour Index Precision colour attrLbute elements
Maximum Colour Index where colour selection :ode is •ncexed

Colour Value Extent colour attribute elements, a
colour where direct. col.ur is i se:

Metafle Element •s. discussed elsewhere

Metafile Defaults
Replacement

Font list text font index (check that fonts not
Listed are not then requested in themetaf2.e)

Charaer Set Lt character set index
alternate character set index
(check '-hat not- ;sed one that Ls
listed in the metafile descriptori

Character --,:;ding Announcer character set index
alternate character set index
(check that only the extension mecnanism
stated is used)

I
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z_-_ -I e ss L C SZ.c

EI____ :Elements ef fected

Scaling Model graphical primit-Ove elements 1
Colour Selection Mode colour attribute elements, auxiL,.ar,1

colour

L7.ne Width Specification line width elements
Mode 1
Marker Size Specification marker size element
Mode 3
Edge Width S.ec~f.cation edge wi,'h element
Mode

VDC Extent-

Control Elements 1
EIemenz Elements effected

VDC :nteger Precision ) graphical primitive elements
VDC Real Precision

Auxiliary Colcur 1

Transparency v

-!_. Rec-anale

--l-' :ndiator -

The need to check whether a given value is wLthin a glven range
appears in several situations, for example1

; te._m valid values

integer urecisisn 8, 16, 24, 32

character set list 0, ... 4

a unified manner.

These .inter-relat onships are summarised in the tables over.

I
I



Ccr~zstenc: =rrzn for :?'A (&z-e -)f =fluence: Zesc:.ptar eýersntz)

14DC -'pe -- vdc extent
grapncal prnitivesattribute elements

integer (real) precision --------- attribute elements
grapucal pruutives

index precisicon ------- > attribute elements

Col=±r precision if sel-=dendirect ...--

Max olo index if sel-mcdeuindexed ---- ) oolcur attribuIte elements
backgrourai colour

colour index precision if sel-mode-=indexed -)
)

colour value extent if sel-dedirect ->)

C-4 element list ---------------------------- all elements used in
(Check: legal elemets <---t

elements used)

Font list ------------------- text font index (range chek)

Caracter set list ----------

character set index
Chamacter codinq anruncer --------------- a ternatr char. set. index

(range check)



I

Ccnsistenc --rac.I -or O2Zi (Source of Zr..rluence: Pict=re .esc-.ptor elane-.: £
(check: -ode announced < mode used)

Scaling mode - - graphical primitive elements
graphical attribute elments 3

Colour Selection Mode -- colour element attribute
auxiliary colour element attribute

line width specification mode -------- > Line width element 3
T.arker size specificaticn mcde - > marker size elenent

edge width specification mode - > edge width elment

B
I
I
I
I
I
B
1
I
1,I



:3:nsistencq; xarah fcr r724 (Saurce of ZhIience: zcntroJ ei1ernts)

vdc integer preciian -> graphical primitive elements
attribute elemets

vdc real i prcisic-------- - a lr imitive elementsI ~attrib~ute elements

integer precision (range check) -> ovide check that a given va.lue
is within tle require range

character set list (range check) - provide check that a given value
is within the required range

L

I

I

I
I
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CG l graph graph jO o1clr badgqr. text char alt.ci
eil elr exen attr 0 fcnt.i.x se.L ae..

ntngex prec XX
Real rec X X
Colo= prec X X X

Col.ix.precX

Scovalngt

WScaling Mode X

MS Spec..'oe
Ee Spec.'cdex

'MC PrecisA4..cni X xX

*q I- escr-.e2.
*2 P4 c-Desc--eJ
*3 c~ont.el



CZ:¶ Testjna 3uberzuc - Tuesiay 3rd March 12noon - lom

So far, it has been assumed that we have full ccutormance. we

need to consider how to go atout testing functional confor:Tance.
We also need to think about the sort of output to be output from

a test service. Finally we must consider the overall testinm
strategy presented on Monday.

Testing for functional conformance

The idea was suggested of splitting off the decoder from the
checker. The checker would be supplied by the test laboratory.
The implementor would supply the decoder for a private encoding,
which would provide mappings to the function calls. The test
laboratory would have to define the interface to the checker.

Alternatively, a subroutine library could be supplied to the test
site, which would enable them to create a metafile in one of the
encodings.

It was agreed that some type of functional interface (language
bindings) is what is required.

It is probably reasonable to ask the implementor to provide an
interface to the test software.

It was agreed that we need something which is a functional

interface for a decoder to call

IUT

creates

CGM (own encoding)

implementor has
decoder

requirement of test lab

pictures 1. CGM (in any one of 3 encodings)
or 2. File (e.g. BEGIN MF

BEGIN PB etc)
or 3. Clear text encoded metafile

A method is required to translate private encoding to a standard
encoding.

It is probably not reasonable to ask them to produce 1. The test
lab must provide some software to enable them to produce a file
as in 2. Software would be a series of subroutines. For
example, when they produce a BEGIN metafile, they call a
particular subroutine.
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Alternatively the implementor would be asked to output a f.-e e
a defined format giving details of the functions called.

It was suggested that the implementor should produce a clear text I
encoded metaf4ile. The implementor would be presented with part 4
of the standard and they wt..uld produce a file of clear text
encoding.

In order to test private encodings, some interface is required
and that interface might as well be a script in clear text I
encoding.

People who provide metafiles, should at least be expected to
produce a clear text encoding. In effect, the implementor is
being asked to produce one of the encodings. The conclusion is
that this is as easy as asking the implementor to provide the
information in some other form. However, this is back to fuil l
conformance.

For the purpose of operating a test service, the suggestions of
Annex B of the CGM Standard for designers of private encodings, 3
i.e. - to ensure the ability to translate a metafile encoded in

one of the standardized encodings into a private encoding
- to ensure the corresponding ability to translate a private

encoded metafile to one of the standardized encodings

has been reinforced as the only practicable solution to enable
testing.

Additional constraints have to be placed on the implementors to I
enable functional conformance to be tested.

I
I
I
i
I
I
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Functlonal conformance is contradictory - requirezs z;, .
encodings and allows for no private encoding in the same secý:on.

To verify fJnctional conformance, additional requirements beyond
the standard must be met by the implementors - translation of a
private encoding to a clear text encoding.

In theory, functional conformance cannot be tested if we stick to
the conformance sections within the standard.

Should conformance sections be modified? If so, how?

Should private encodings he a.lowed? Since "private" language
bindings are not allowed in the functional standards.

The Validation Testing & Registration (VTR) Group in :30
TC97/SC21/WG2 should be involved in conformance sections of a!-
standards.

Overall Stratecv for Testina

A) The NCC ..odel for testing the OSI transport layer (layer 4)
was presented

- check for correct transfer of data (same as CGM testing)
(see figure 1)

- note relationship between OSI testing strategy (and ASN.1)
and CGM testing

3) A proposed CZM Test Architecture (see figure 2) (CGM

:nterpreter)

.io-e manual checking still required.

A Proposed CGM Test Architecture (COM Generator) (see figure
3)

Test Centre wll. test metafiles at their site

Hcw do we define the metafile which is produced from the :UT?

Study conformance f4r CGM Generator testing is a syntactically
correct metaf.'e.

Test Centre w` 1 -ererate pictures for IUT to produce a
me-aca ;-e ,.eraor. rTest Centre can then compare
ict,-res with te 7:.:ures interpreted from the metafile

generated by the 2JT.
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"r'est . cnoo3es - nu- fair test 3
2. Give example prograin e.g.GKS

3. Give pictj're I
4. Give picture descriptors (in English Language) 3
How many tests are necessary to test an Application Profile (AP)
for a CGM (i.e. how many pictures need to be described for a
generator?) (we may get guidance from GKS test suite developers
at Plenary).

Test Centres will have to contact each implementor (or user) to
determine what elements he / she is supporting. Pictures must
then the developed to test all those capabilities.

3 + 4 can be used to describe a metafile. f
These problems are expanded later in this report.

I
I
I
I
I

I

3



:-io ~. ~Ict M~af.3sfor Testina r M

De~crL'tiQ:r: ?he prcblem is we should specify a st:ategy f:
giving the implementor guidance in prodLCý:Ig
metafile output for testing purposes.

I

Alternatives: 1. Let the Implementor choose an appropriate set
of metafiles

2. Describe metafile output in forms of application
programs, such as GKS

3. Give actual pictures to the implementor

4. Give precise picture description in some formal
form like clear text encoding

pro 1: Less work for implementor dnd tester

pro 1: Only metafiles within the scope of the application
profile are generated.

pro 2-3-4:con 1: Not a fair test for different generators

pro 1: The implementor could provide degenerate metafiles
that would pass the test

pro 1: Picture comparisons not possible because picture is
not known.

pro 2: Easier for implementor to generate metafiles (if

application interface supported)

pro 2: Allows a description of picture by tester

con 2: You have to test both the application + the CGM
driver

con 2: The mapping between the application + CGM may not
be defined (may be defined for GKS programs in
Annex but not for others)

co.. 2: Picture contents comparison very hard, but possible

pro 2: Possible to compare picture content, but very hard
automacically and at operator interface.



I

(1css work Ccr -ester) I
-ro 3: Comparison at operator interface very easy

con 3-4: Lot of work to code picture into metafiles I
con 3:1 Requires an implementor to have good interpreter to

compare pictures

con 4: Very restrictive - picture level must be at level
of metafile elements (e.g. specified with Z EXTENT)

pro 4: Picture contents of metafile are comparable i
automatically.

con 4: Isolated test of CGM output driver, not' of 3
integrated metafile generator

con 4: Requires detailed descriptions by tester 3
Pro 1-2-3-4: Allow testing of CGM syntax and consistency 3
Recommendation: Recommend Alt.2

This can be summarised in the table below: I
Criteria I

Alt I Alt 2 Alt_ 3 Alt 4

1. Fairness of test 3 0 0 0 3
2. Amount of work for

implementor 0 1 3 3

3. Amount of work for
Tester 0 2 2 2 3

4. Syntax checking 0 0 0 0

S. Visual testing at
Operator I/F 3 1 0 1I

6. Automatic check of
pictLUre r 1

where 0 z Best 3
3 = Worst

I
h i
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1. We have to aczept the sact that we can't ask an I
to c:eate a metafile. How to create a .neta:tUe '- a
problem not easily solved, and we recognise that fact.

Tomorrow, we will develop an issue format for this problem of
creating 4 metafile, with pros and cons. We could not solve
this problem.

2. Using Fig.3, the question became of dividing it into distinct
pieces to try and attack the problem. Would the IUT have a
generator as well as an interpreter? In other words the rUT
would be able to accept the tester's CGM and then generate a
metafile back to the tester. Cannot guarantee that an IUT
will generate a metafile - it is not mandatory in the
standard.

A. Produce a test metafile and Pass Metafile to IUT.
With questionnaire response information, the tester should
be able to produce a metafile that can be sent to the
implementor, who tests it on his system. Where possible
the metafiles in the test library will follow the type of
scripts in the GKS tests as far as general pictures are
concerned. We would then expect the IUT to produce
"reasonable" pictures. Good operator test mechanism.

B. Take Metafile back from IUT
Is it useful to try and automate this? It will come down
to only looking at the picture again. It seemed that the
metafile should be tested at the IUT site only. In this
case, with (A), have both a generator and interpreter,
and then it can't be determined where errors occurred.

individual tasks for the evening:

(1) Diagram looking at the relationship between elements - Peter and
Clemens

(2) The issues on to create a metafile - Martin and
Dan

(3) What output might be produced by a test centre? - Jane and
Mark

(4) Summarize what done and check minutes - Anne



U

Ine work was :eviewec and a kreport: for _enary was n,ýreae.

eIatLonship with other Standards

We will have 'application profiles' in the metafile categories of
the extended'metafile work in ISO..

Do we need to check the mapping of metafile generators to CGM?
This would make testing easier.

Should the mapping be in the CGM or GKS Standard?

Generation of CGM by GKS should be in GKS. The interpretation is I
the mapping of CGM to GKS. Therefore it should be in CGM. Some
debate on this. 3
Need for relationship between Standards needs to be specified.
Again another WG2 issue.

Fel' that work done at this meeting may be extensible to CGI.

How can we test picture contents automatically in CGM/Cri? 3
Picture must correspond to Application Profile for both CGM/CGI.

Can set up picture description of primitives and their bound 5
primitives. May be useful for functional standards. Possibly
need to use bit-map for 'lower' standards e.g. CGM/CGI. Then you
need to rely on operator tests or interface testing 'near' to the
screen.

I
I
I
I
I
I
I
I
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CALS APPLICATION PROFILE FOR CGX

I. PURPOSE

Extend Computer Graphics Metafile (CGM) standard conformance
definitions to include generators and interpreters of metafiles.
Currently, conformance requirements in the CGM just refer to the
syntax of the metafile, not to programs which generate metafiles
and read metafiles. Conformance criteria are needed for these
programs to ensure that the complete graphical image is ported
between devices. This is being accomplished by the creation tere
of an Application Profile (AP) detailing CALS' use of the CGM.

This document comprises the final specification of the -GM
Application Profile for CALS. High compatibility with the
MAP/TOP V3.0 CGM Application Profile (Appendix 1) has been
achieved. There are some differences however, and these are
detailed in this report, along with what is being done about
them. This final report concludes with a description of
additional work which will be needed in order to advance the
Profile to a functionally richer "version 2."

II. BACKGROUND

1.0 Overview of CGM

The Computer Graphics Metafile (CGM) standard, ANSI X3.122-1986
and ISO 8632/1-4, specifies the syntax and semantics of a
standard file format for storing and communicating co-puter
graphics pictures. By intentional choice of scope, ;I lim-ts tle
specification to the syntax and semantics of a set of --J
"elements" for the device-independent description of computer
graphics pictures.

In the year that it has been an ANSI standard CGM's use and its
incorporation into other standard interface and exchange
specifications has been increasing. There are over two dozen
implementations existing or known to be in progress in the US
alone (there are more internationally). It has been designated
as a Federal Information Processing Standard (FIPS) 128,
incorporated as the graphical metafile of the MAP/TOP V3.0
specification, and designated as the Geometric Graphic Content
Architecture of the ISO compound document standard (ISO 8613,
currently in DIS stage), aka "ODA/ODIF."

2.0 The Need for CGM Application Profiles

The syntactic specification in the CGM standard is complete and

1



I
unambiguous. It is, as well, redundant in the sense that there
are three distinct encodings of the same functionality: binary,
character, and clear text. The redundancy serves a useful I
purpose, as each encoding is tailored to certain computing
environments and applications, and so the CGM client has the
opportunity to choose a syntax that is optimized to the intended I
application.

The semantic specification is less complete. The expected
overall results of using the geometric primitive elements are
well enough specified. However some of the finer details, such
as the precise appearance of joints and endpoints in lines, are
unspecified. This underspecification of semantics was I
intentional on the part of the committees formulating the CGM,
since it allows a wider range of existing systems to be
accommodated and makes the standard more adaptable to the various
needs and philosophies cf a diverse clientele.

On the other hand, the semantic ambiguity does mean that there
will be no single correct interpretation of a given CGM, and
hence it will be difficult to unambiguously describe an intended
picture using CGM. This is a distinct drawback in certa.n
application environments. The CGM application areas of Technical
Illustration and Technical Publishing, which are central to the U
CALS effort, clearly comprise such environments where unambiguous
semantics are critical.

There are further sources of uncertainty in using CGM in an i
application environment. A CGM is produced by a component of a
graphics environment known as a "metafile generator." The
content of a CGM is rendered into pictures by a component known I
as a "metafile interpreter." The CGM standard specifically
excludes standardization of the behavior of metafile generators
and metafile interpreters. (Most such behavior is described as
"implementation dependent.") In doing so, a certain I
unpredicability of results is introduced into the graphics system
viewed as a whole; for example, CGM generators serving GXS
(Graphical Kernel System, ANSI X3.124-1985) clients in the I
product lines of two different vendors might map out-of-rarge
attributes differently.

These two sources of ambiguity in using CGM--incomplete semantics n
and non-specification of the behavior of generators and
interpreters--do not diminish the utility of the CGM for
technical illustration and technical publishing. CGM is a sound 3
and suitable basic protocol for these areas. But they do mean
that some further specification (beyond that in the published
standard) is required in order for the use of CGM to be effective
and unambiguous.

Such a specification is precisely what an Application Profile
(AP) consists of. In the case of CGM, an AP can specify: I

2
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1. complete semantics;

2. the behavior of CGM generators and CGM interpreters;

3. additionally, an AP can extend the functionality by defining
additional parameter values, ESCAPE elements, and
Generalized Drawing Primitive (GDP) elements.

Some caution must be taken on the points 1 and 3, to avoid
specifications incompatible with anticipated extensions to the
standard (via Graphical Registratiot , the Addendum process, or
the normal 5-year review and revision process).

An AP specifies minimal and maximal requirements for generators
and interpreters, and ties down all implementation dependencies
of the CGM. As the name suggests, an AP is a set of
specifications appropriate to a given application environment.

One such AP has already been targeted and substantialy
completed. It is the CGH Application Profile of TOP (Technical
Office Protocol), endorsed by a number of major industrial
constituents and incorporated into the MAP/TOP V3.0
specification.

For CGM to be used effectively in the CALS Technical Publishing,
Administrative Publishing, and Technical Drawing applications, an
AP must be designated for CALS as well.

3.0 Contents of the CGM Standard

A survey of the content of the CGM standard is given in Appendix
2 of this report. It is a copy of an article which appeared in
the August 1986 issue of the magazine IEEE Computer Graphics and
Applications.

4.0 Objectives

4.1 Scope of the CALS Application Profile

There are two categories of specification that should be
considered in an Application Profile of CGM:

1. resolution of ambiguities in the metafile and in the
behavior of generators and interpreters;

2. extension of the CGM functionality to handle perceived
functional deficiencies in the standard.

Any Application Profile must accomplish the first task. The

3
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second task is important for CALS constituents as well, and could
be handled by definition of ESCAPE and GOP elements, as well as
additional parameter values of existing elements. Presumably I
such extended CGM functionality would be submitted for Graphical
Registraticn. The CGM is functionally lean when measured against
the requirements of automated publishing and technical I
illustration. Almost any picture from these application areas
can be represented. For example lines and areas can be used to
represent in the CGM many of the "higher-level" entities of rOES.
But the consequence of simulating the entities with very I
primitive geometric elements is a loss of efficiency and data
compaction in the CGM. 3
In order to be an efficient picture mechanism in the CALs
environment, extension of the functional capabilities of CGM Is
necessary. Such extension is taking place formally now wh.n
ISO (the Extended Metafile, Addendum 1 to CGM, and CALS I
requirements are being injected into this development prccess'.
Unfortunately, even the "tfast-track" ISO addendum process is a
slow process. 3
Another NBS CALS SOW Task for FY 87, 2.2.2.2.2, entited CSM
Registration for CALS Requirements, has been completed. its
purpose was to: U
1. identify needed extensions to CGM, and;

2. prepare and submit Graphical Registration proposals for I
same.

However, NBS believes that it is (with a few exceptions) 1
inadvisable to include many of the proposed extensions In the
current CALS Application Profile. Doing so would encourage their
immediate use. While they are useful and needed functionality, l
they will be examined and likely modified by graphics standards I
bodies before they have official standing in the Standards arena.
Implementations whict use the proposals too early in the
registration process would likely be non-standard when theI
proposals eventually complete processing.

This Application Profile for CALS will therefore not include
extended functionality, with the following exceptions:

1. the published TOP profile contains two specified ESCAPES,
one of which is an encoding of a function that is stable in S
ISO CGI and in the CGEM (ISO Extended Metafile);

2. the additional linetypes and hatch styles detailed in the
CGM Registration report referred to above. I

I
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In summary, the CALS CGM Application profile:

1. will specify semantics and syntax that are ambiguous or
unspecified in CGM;

2. will not, except as noted, specify extended functionality
for CGM.

With regard to point number 2, it must be emphasized again that
these extended functionalities are important to the CALS
community. The problem at this time is the immaturity of the
proposals and the immediate need for an initial AP for the CALS
community. Extended functionalities should be included in a
"Version 2" upgrade of the CALS AP in the near future; that is,
as soon as the work of the ISO and Graphical Registration
committees has progressed far enough.

4.2 Relationship to the TOP Profile

Proliferation of "dialects" of CGM is clearly undesirable and
contrary to the interests of US industry. In fact, occurrence of
such private dialects is directly contrary to the purpose of
standard interface specifications such as the CGM and would
destroy much of the benefit to be gained by using such a
specification.

Accordingly, the highest priority objective of this task was to
realize a CALS application profile that is either identical to,
or is downwardly compatible with, the TOP AP. In other words,
where the APs overlap they should be identical, but CALS may be
somewhat richer or may go further in specifying constraints.

Fortunately there is significant common interest and shared
requirements between the sectors of industry represented on the
MAP/TOP committees and the clientele of the CALS initiative,
particularly in the areas of technical illustration and compound
document exchange. This means that accomodation and convergence
of the profiles (implying changes to both drafts) should te
achievable.

4.3 Specific Goals of the Application Profile

Other specific objectives to be achieved in the specification of
the CALS CGM AP include:

1. A CALS metafile must be a legal CGM; that is, CALS syntax
must be a subset of CGM syntax and CALS semantics must be
legal CGM semantics. This means, for example, that the CALS
environment cannot assume or specify implicit element
defaults that differ from the CGM standard.

5
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2. The picture specified by a CALS metafile should be U
unambiguous. This means, for example, that private values
of attributes (such as private linetypes) cannot be allowed,
and private elements (private escapes and GDPs, for example)
must be prohibited.

3. The behavior of generators in producing a CALS metafile
should be specified so that identical sequences of activity
at the application level result in identical metafile
contents (intermediate layers in a graphics environment maycomplicate this). 3

4. The behavior of interpreters in parsing and rendering CALS
metafiles should be as unambiguous as possible. This means
that such things as fallback actions .hen the interpreterlacks capability, or fallback actions in the face of 3geometric degeneracies, should be specified.

S. The format ambiguities of the CGM, such as the "record size" 3
of the binary encoding (unspecified in CGM) should be
specified.

6. The CALS CGM AP should be rich enough to accomplish useful I
things economically.

7. The AP should be formulated with awareness of the evolution 3
of graphics standards. In particular, the content of the
Extended Metafile (ISO 8632 Addendum 1, the first set of
extensions to CGM, currently near DP stage) should be
carefully followed. No specifications should be made in the
CALS AP which compromise compatibility with these standards
activities.

8. Similarly the activities of the Graphical Registration
process (including CALS requirements submitted via the work
done under CALS SOW task 2.2.2.2.2) must be tracked. Future
compatibility must again be protected.

9. A CALS metafile should be self-identifying as such.

In some cases, these criteria will be mutually contradictory, i
which means that it will not necessarily be possible to satisfy
all of them at once. 3
5.0 The TOP Profile and CALS

As stated above, the highest priority in the specification of the B
CALS profile is to avoid proliferation of dialects of CGM. This
was recognized in the work breakdown for this project, which
specified these particulars: I

6
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"o Analyze the TOP Application Profile with respect to its
suitability for CALS;

"o Analyze CALS requirements for CGM interpreters and
generators;

"o Either recommend adoption of the TOP Application Profile
as is, or negotiate with TOP on a compromise Profile
acceptable to both TOP and CALS;

"o Deliver to DOD the recommended Application Profile for
CALS.

Accordingly, emphasis in this task was placed on:

- critically reviewing the proposed TOP AP;

- establishing a working relationship with TOP graphics
representatives;

- preparing comments and suggestions for changes to TOP
"with the technical review by and endorsement of ASC X2H3
graphics experts;

- presenting these to TOP during their comment and review
period;

- and following through with the cooperative effort to
refine the proposals and the resulting TOP profile.

5.1 Historical Overview

When this project commenced, the TOP review process (on the CGM
Application Profile for MAP/TOP V3.0) was less than two weeks
from completion (January 1987 was the scheduled closing date).
Although the draft profile had been available for some time, few
graphics experts had taken the considerable time required to
carefully read and critically review it, since at that time it
was 30+ pages of fairly dense and terse technical material.

The first result NBS obtained was an agreement to extend the
review period until 10 February 1987, a week after the close of
the January 1987 ASC X3H3 working meeting in Ft. Collins, CO.
Prior to that meeting, the TOP AP was studied intensively. The
Profile was found suitable for CALS application requirements in
stated purpose, direction, and intent. But there were numerous
problems in the draft proposal.

Fortunately, many of what at first appeared to be serious
technical problems were due to editorial and organizational
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problems, as the Profile drafted attempted to replicate much of
the technical material of Part 3, the Binary Encoding, of CGM.
In this transcription process many errors (some substantial) were
introduced. A plan was devised to reorganize the Profile, and
this was pursued at the Ft. Collins X3H3 meeting.

In addition, there were a number of technical problems:

1. The concept of conformance, particularly "Basic i
Conformance," was not clear.

2. Ambiguity was introduced by not prohibiting private values, 3
e.g., private linetypes, in a Basic CGM (although it was not
clear if this was intentional or an editorial problem).

3. There were a number of minor problems with allowable 3
precisions, datatypes, etc.

4. There were a number of proposed ESCAPES and GDPs which NBS
thought should be withdrawn. Some ware not of broad enough
interest; some needed to be reformulated with somewhat more
deliberation and input from other graphics experts; and the
encoding of Data Records for all required improvement.

5. There was some confusion as to whether the Profile specified
implicit element defaults different from CGM. If this were
true then a TOP metafile would not be a standard CGM.

6. The definitions of the predefined bundle tables (for
interpreters to use) needed adjustments.

Proposals were formulated to deal with the editorial and
technical problems. These were considered and improved upon by
an ad hoc working group, which included CALS, X3H3, and TOP I
proponents, at the Ft. Collins meeting of X3H3 in the last week
of January 1987.

The output of this effort was a list of corrections to the
initial parts of the profile, and a redrafting of a key 23-page
technical section into 6 concise pages. These changes were
presented to X3H3 plenary for endor'ýement, and sent forward to I
the TOP committee under the cover letter of the X3H3 committee
chair. This packet is included ir this report as Appendix 3.

In addition to this liaison statement from X3H3, 11 members of
X3H3 (suppliers and consumers in the computer graphics industry)
sent individual TOP Comment forms endorsing the results of the
Ft. Collins meeting. I
The comments were well received by the TOP f.:perts, since they
represented significant editorial and technical improvement I

I
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without changing the basic emphasis or intent of the profile.
Most of the recommended changes were ir-orporated.

In March NBS had an opportunity to review the complete revised
profile. A number of inconsistencies and oversights were caught.
These were dealt with by TOP experts and X3H3 experts informally,
and carried into the next version oL the TOP profile as editorial
changes.

Study of the final TOP AP still reveals a number of minor
problems. Some of these are editorial. Some are oversights--
areas of specification that would be useful but were not
considered in time for the publication of this version of the TOP
profile.

At th: "CGM in the Real World" workshop sponsored by NBS and
Eurooraphics, held in Washington DC in September 1987, a number
of these items were discussed between TOP and CALS graphics
experts. There were agreed changes to both profiles as a result.
It appears that the two profiles will converge and be nearly
identical in areas of substance.

9
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III. DEFINITION OF THE CALLS APPLICATION PROFILE FOR CCM

1.0 Conformance 3
The CALS CGM AP specifies conformance in terms of "perm r.e
and "basic" values. Permissible values are the range of vaues 1
of CGM elements as specified in ISO 8632. Basic values are a1
subset of the permissible values and they constitute the "Basic
Set." For example, permissible values of ?MARKER TYPE include a"'
non-zero integers, while basic values include the standar-d1ez 1
enumerated values 1 to 5.

CALS defines a conforming basic metafl.e to ,e one that ccnt..-ý-
no elements or parameters outside of the Basic Set. CAS - e: 1
a conforming basic generator to be one that prcdu4cer .n
conforming basic metafiles (or can be reliably cta:ed t
function in that mode), and additionaly conforms to any.
additional generator requirements in this profie.

CALS defines a conforming basic interpreter to be one that at
least correctly interprets any ccnforming bas$c -etaf-e. an-: 1
conforms to any additional interpreter requ_..r.nts specif ed
this profile. In addition, any conformIng ... ... ter.reter
should be able to parse and skip any elements that i.t lesn.t
understand or support, and any parameter values that it ds .t
support.

For interpreters, there are two levels of confornance for the 1
judging what comprises "correct" interpretation of a metafi.e:
minimal level and publication level.

Publication Lev;2: all of the elerents specifications of the 0Th I
and this application profile sham e
accurately Implemented. Th:s nc>des t2e1
specifications of 0GM annex D.: and an-
the treatment of .ndet-rninate s-'ec"fzatiýns
of c•rcu~ar and elliptical prinitives •.n
D.4... The results should be completel>.
predictable across implementations --- nfortrn, , 1
at this level: that is, sutabie for
publication as the namp Lnplles. 5

Minimal Level; the specificitions of CGM arnex 0.2
(degeneracies) and 0.3 (mapping color to
black-and-white) shall be implemented. The
treatment of indeterminate specificaticns of 1
circular and elliptical primitives in D.4.5
shall be followed. The capabilities of annex
D.5 of CGM and of the Basic set as Jefine- in 1
this profile shall be present. H 0we':er the
following interpreter fallback actlcrs of 0.4
may be t;)ken: 1

1
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AUXILIARY COLOR CHARtACTER SPACING
APPEND TEXT CHARACTER HEIGHT
RESTRICTED TEXT CHARACTER ORIENTATION
CELL ARRAY CHARACTER SET INDEX
LINE TYPE FONT DESIGN
LINE WIDTH HATCH INDEX
MARKER TYPE EDGE TYPE
MARKER SIZE EDGE WIDTH
TEXT PRECISION PATTERN SIZE
CHARACTER EXPANSION FACTOR

CGM (ISO 8632) specifies three encodings of the abstract1V
specified metafile functionality: binary, character, and clear
text. This application profile is an application profile f!r the
CGM Binary Encoding, ISO 8632/3. Future application profiles -a,
be developed (or this profile extended) for the other enccdlngs
of CGM.

2.0 Metafile Constraints

The Basic Set is defined by the limitations on Basic values nzted
below. Where an element is not mentioned, it is implied that the
Basic Set includes all values permitted in the CCM.

2.1 Delimiter Elements

TABLE 1. Delimiter Element Constraints

Element Basic Values

no-op An arbitrary sequence of n octets, n-0.-.3276.

2.2 Metafile Descriptor Elements

TABLE 2. Metafile Descriptor Element Constraints

Element Basic Values

Metafile Description (Note 1)
Integer Precision 16
Real Precision (1,16,16) (fixed)

(0,9,231, (floating point)
Index Precision 16
Colour Precision 8, 16
Colour Index Precision 8, 16
Font List (Note 2)
Character Set List (0,4/2) (Note 3)

(1,4/1) (Note 4)
Character Coding 0 (Basic 7-bit)

Announcer 1 'Basic 8-bit)

11
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Ngt._1: The Metafile Description element's string:
should include a substring briefly identifying company
or product, so that interpreters can account for known I
idiosyncrasies of generators; shall contain the
substring "CALS/BASIC-1".

Ne: The character set is ANS X3.4, 7-bit American
National Standard Code for Information Interchange
(7-bit ASCII). 3
Note 3: The character set is ANS X3.134/2, 8-bit
American National Standards Code for Information
Interchange (8-bit ASCII). This is equivalent to :SC I
8859/1, Right-Hand Part of Latin Alphabet Number 1.

Note 4.: Four simultaneous fonts are supported. The
font names are selected from the basic font names in
Section 6 below.

2.3 Picture Descriptor Elements I
Note that the scale-factor parameter of SCALING MODE is always a
floating point number, even when REAL PRECISION has selected
fixed-point for other real numbers. This is not an error--a
floating-point parametez is needed for some situations where low
precision fixed-point reals would not encompass the range at all
(for example, scaling a plot done with 32-bit integer coordinates
onto a 1-meter piece of paper) and for other situations where
using a fixed-point scale factor would produce unacceptable loss
of resolution. It is not apparent in the CGM standard what the U
precision of this floating point parameter is when fixed pointreals have been selected: its precision is (0,9,23).

2.4 Control Elements

TABLE 3. Control Element Constraints

Element Basic Values

VDC Integer Precision 16, 32
VDC Real Precision (1,16,16) (fixed)

(0,9,23) (floating point) 5
2.5 Graphical Primitives

To ensure portability and predictable results, CALS metafiles may I
contain only those GDP elements that are defined in CALS
profiles. This revision of the profile does not contain any such
GDPs.
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2.6 Attribute Elements

TABLE 4. Attribute Element Constraints

Element Basic Values

Line Bundle Index 1-5
Line Type 1-5 (Note 1)
Marker Bundle Index 1-5
Marker Type 1-5
Text Bundle Index 1-2
Text Font Index 1-4
Character Set Index 1-2
Alternate Character Set Index 1-2
Fill Bundle Index 1-5
Hatch Index 1-6 (Note 2)
Edge Bundle Index 1-5
Edge Type 1-5
Pattern Table Starting Index, 1-8

nx, 1-16
ny, 1-16

Colour Table start index 0-255

Note 1: Additionally, the linetypes (and edge types)
defined in section 3.1, which have been submitted for
Graphical Registration, are in the Basic Set of this
profile.

Note 2: Additionally, the hatch styles (indexes)
defined in section 3.2, which have been submitted for
Graphical Registration, are in the Basic Set of this
profile.

2.7 Escape Element

To ensure portability and predictable results, CALS metafiles may
contain only those ESCAPE elements that are defined in section
7.0 below.

2.8 External Elements

The 'action required' flag of the MESSAGE element is restricted
to the value 'no action required'.

3.0 Additional Attribute Values

3.1 Linetypes

The following additional linetypes were specified for CALS in the

13
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Final Report for CALS SOW Task 2.2.2.2.2, and have been submitted
for graphical registration. Refer to that report for a complete
definition. The name of the linetype is given, followed by the I
numeric value (the linetype parameter) by which it shall be
referenced prior to registration.

TABLE 5. Additional CALS Linetypes i
linetype CGM parameter value 3
chain line -11301
center line -11302
hidden line -11303
phantom line -11304
double arrow -11305
single dot -11306
single arrow -11307 3
stitch line -11308

3.2 Hatch Styles I
The following additional hatch styles were specified for CALS in
the GSC report, and have been submitted for graphical S
registration. Refer to that report for a complete definition.
The name of the hatch style is given, followed by the numeric
value (the hatch index parameter) by which it shall be referenced
pending registration.

TABLE 6. Additional CALS Hatch Styles i

hatch style CGM parameter value

across grain wood -11401
with grain wood -11402
bronze, brass, copper, and compositions -11403
cast iron or malleable iron and general

use for all materials -11404
steel -11405
concrete -11406
cork, felt, fabric, leather, and fiber -11407
earth -11408
magnesium, aluminum, and aluminum alloys -11409
marble, slate, glass, porcelain, etc. -11410
rock -11411
rubber, plastic, and electrical insulation -11412
sand -11413
sound insulation -11414
thermal insulation -11415 I
titanium and refractory material -11416
water and other liquids -11417
white metal, zinc, lead, babbitt, and alloys -11418

14
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4.0 CAtS CGM Defaults

The CGM specifies a complete set of defaults. In some cases,
these defaults do not match CALS application requirements.
However, any CALS metafile must be a legal CGM, including
implicit defaults, thus each deviation requires that the affected
element either:

1. Appear in the METAFILE DEFAULTS REPLACEMENT element, or

2. be explicitly specified for its value to be applicable.

Therefore, each CALS metafile shall contain in the Metafile
Descriptor a METAFILE DEFAULTS REPLACEMENT element that includes
(at a minimum):

TEXT PRECISION element; precision 2 (stroke).

Each CALS metafile shall also contain in the Metafile Descriptor
the CHARACTER SET LIST element, with the first two indices set to
(0,4/2), (1,4/1).

The CGM leaves the definition of the default color table
implementation dependent. Sections 8.2.1 and 8.2.2 specify how
conforming CALS generators and interpreters shall initialize
their color tables. This removes any implementation dependencies
in color selection while in a closed CALS environment. While it
is not required by this profile, generators may include this
color table in the defaults replacement. This will give
predictable results even in those cases where the metafile may
leave the CALS environment (for color at least -- there are other
environment dependencies which cannot be resolved in this way).

5.0 Specification of Semantic Ambiguities

The CGM leaves the semantics of a number of graphical details
unspecified or "implementation dependent." This is unacceptablewhere predictable interchange is required. The followingspecifications are made for CALS generators and interpreters:

5.1 View Surface Clearing

The view surface shall be cleared at the beginning of each
picture (see however the section on ESCAPE elements).

5.2 Clipping

Clipping shall be done to the intersection of the viewport and
the device view surface limits when the clipping indicator is

15I
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'off'. Clipping shall be done to the intersection of the clip
rectangle, the viewport and the device view surface limits when
the clipping indicator is 'on'.

5.3 Linotype Continuation 3
Linotype shall be maintained (continued) across the interior
vertices of a polyline. 3
5.4 Edge Type Continuation 3
Edge type shall be maintained (continued) across the vertices of
a filled area boundary.

6.0 CGM Font Specifications

The fonts in Table 7 are public domain fonts, available from NTIS 1
# PB251845 (NBS Special Publication 424, April 1976). All of
these fonts are considered to be basic capabilities of a CALS
conforming basic metafile. Any of these fonts may appear in t.e
Font List element in a CGM that conforms to this AP. The font
names are specified in a manner compatible with ISO 9541, Font
and Character Information Interchange. The font name (Font
Identifier for Base Font) is a concatenated string of the 1
Universal Font Name and a User Readable Font Name. The User
Readable Font Name is the concatenated string "HERSEY:" to
designate one of the Hersey fonts, and "name string" to designate
the particulaA. typeface.

It is recognized by CALS that the Hersey fonts may not be of
adequate quality for modern publication requirements. The CALS I
profile considers any rendering of a requested font conforming if
the rendering is "metrically identical" to the font metrics of
the requested font. This means that the placement and alignment
of the string and the placement, size, and shape of individual 1
characters (i.e., the drawn portions of the character cells) are
measurably identical. This would allow a good quality filled
font to be substituted for a stroked Hersey font, for example.

Finally, the Hersey "fonts" are really a mixture of fonts and
character sets (e.g., Greek is a character set). The
requirements of the CALS profile are served by providing that the 1
necessary character sets be supported in part, and the necessary
typefaces be supported in part, so that the combinations required
to render the listed 16 Hersey "fonts" are supported in full. 3

1
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TABLE 7. Basic Font Names

1. HERSEY:CARTOGRAPHIC ROMAN
2. HERSEY:CARTOGRAPHIC-GREEK
3. HERSEY:SIMPLEX ROMAN
4. HERSEY: SIMPLEX GREEK
5. HERSEY : SIMPLEXSCRIPT
6. HERSEY: COMPLEXROMAN
7. HERSEY: COMPLEX GREEK
8. HERSEY:COMPLEX-SCRIPT
9. HERSEY:COMPLEX-ITALIC
10. HERSEY:COMPLEX CYRILLIC
11. HERSEY:DUPLEX ROMAN
12. HERSEY: TRIPLEX-ROMAN
13. HERSEY:TRIPLEX ITALIC
14. HERSEY:GOTHIC GERMAN
15. HERSEY:GOTHIC ENGLISH
16. HERSEY:GOTHIC ITALIAN

7.0 Escape Elements

Support of the following ESCAPE elements is required in CALS
conforming implementations.

7.1 Disable Clearing of View Surface

The normal interpretation of a CGM is such that the view surface
of a device is cleared on each Begin Picture Body element. This
Escape element will disable the clearing of the view surface for
all of the pictures in the metafile. The effect of this Escape
element is to permit multiple metafile pictures to be imaged on
the same view surface with a mapping as described in the CGM
standard. The pictures may have different VDC Extents. Each
picture will be mapped into the current device viewport (whether
default or specified by the Device Viewport Escape element). If
used, this Escape element must appear in the Metafile Descriptor.
This Escape element is a basic capability of this profile.

EscaPe Identifier: -301

Escape Data Record: null

7.2 Device Viewport

The default device viewport for interpreting a picture in CGM is
the largest rectangle which maintains the aspect ratio of the VDC
Extent. This Escape element redefines the device viewport for
the picture to some portion of the available view surface. If
used, it must appear in the Picture Descriptor. The

17!
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specification units for the viewport are real fractional
[0.0,1.0) -- the fraction is applied to the default device
viewport. If the scaling mode has been set to metric, then the I
device viewport has precedence -- the scaling mode is ignored.

Escape Identifier: -302 1
Escape Data Record: A single string of text containing the

specification of the viewport.
Parameters in the viewport are separated I
by at least one blank character and/or a
single comma character. The decimal
point of the real fraction is required.
Leading zeroes of the real fraction are I
optional. There are four parameters:

PI: First corner x-coordinate. Real 3
fraction of the default device viewport,
in the range [0.0,1.0].

P2: First corner y-coordinate. Real I
fraction of the default device viewport,
in the range [0.0,1.0].

P3: Second corner x-coordinate. Real
fraction of the default device viewport,
in the range (0.0,1.0]. 3
P4: Second corner y-coordinate. Real
fraction of the default device viewport,
in the range [0.0,1.0].

Example: a viewport equal to the upper right quarter of the
default viewport could be coded as: U
Escape Identifier -301

Escape Data Record ".5 .5 1. 1. I
This Escape element is a basic capability of this profile. 3
8.0 CGM Implementation Dependencies

This section specifies implementation dependencies and 3
environmental constraints for this AP.

8.1 General Guidelines for CGM Elements i

Unless otherwise noted in this application profile, the
guidelines of CGM Annex D shall be treated by CALS generators and 3
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interpreters as specified in section 1.1.

I = : Metafile Defaults Replacement

Desn: The Metafile Defaults Replacement element shall
not be partitioned. Note that the CGM standard
permits multiple occurrences of this element, so
that partitioning should not be required.

I _ __e:Restricted Text
Description: Minimal capability of a basic conforming CALS

interpreter shall be to render 'he complete
restricted text string (including appended text),
scaled isotropically (i.e., specified aspect ratio
for the text is not distorted) such that the
string fits into the text extent parallelogram.

Color Table

D: The Color Table element has an unspecified effect
when it appears in a picture subsequent to any
graphical primitives. The Color Table element
should appear prior to any graphical primitive
elements to insure that interpreting systems
without dynamic color update capabilities can
render the intended effect.

Name: Pattern Table

Description: The Pattern Table element has an unspecified
effect when it appears in a picture subsequent to
any graphical primitives. The Pattern Table
element should appear prior to any graphical
primitive elements to insure that interpreting
systems without dynamic pattern update
capabilities can render the intended effect.

1 8.2 Implementation Requirements for Generators and Interpreters

The specifications in this section augment those of ISO 8632/1
annex D.5 and ISO 8632/3 clause 8.

8.2.1 Additional Generator Specifications

This CALS AP specifies that the values of attributes (e.g.,
linetype) are restricted to a certain set. When a CALS generator
receives (from the application or graphics system client) a value
outside of the Basic set, it should be handled as follows:

19
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-- If the index is selecting an attribute (e.g., linetype), then
the CGM generator should map it by MODULO onto the Basic range: 3
-- If the index is defining an attribute (e.g., color table), then

it should be ignored if outside the Basic range.

These choices for the generator are consistent with annex D of
CGM.

In the absence of specific application requirements to the I
contrary, CALS metafile generators shall initialize their color
tables as described in the next section.

8.2.2 Additional Interpreter Specifications

In the absence of any color table elements (in either the 3
defaults replacement or the body of the metafile) in a metafile,
CALS interpreters shall initialize their color tables as follows:
the starting color index is set to 2 and the remaining 254
entries are a repetition of the following 8 entries:

TABLE 8. Default Color Table 5
Index Values Meaning

2 (255,0,0) Red
3 (0,255,0) Green
4 (0,0,255) Blue
5 (255,255,0) Yellow
6 (255,0,255) Magenta I
7 (0,255,255) Cyan
8 (0,0,0) Black
9 (255,255,255) White 3

Color table defaults for colour indices 0 and 1 are defined in
the CGM standard as corresponding to the nominal background and
nominal foreground colours, respectively.

8.2.3 Minimum Data Structure Support 3
Name: Maximum Color Array Dimension

es .pin: The basic value for the number of color values
that can appear in a color array or color list
parameter. CELL ARRAY and PATTERN TABLE have
color array parameters and COLOR TABLE has a color I
list parameter.

Basic Value: 1048576 for CELL ARRAY (one 1024x1024 image):
2048 for PATTERN TABLE (eight 16x16 patterns); 3
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256 for COLOR TABLE (entries 0-255).

I Name: Ma:-imum Point Array Length

Des2 tion: The basic value for the number of points and VDC
that can appear in parameters for metafile
elements.

I B.icJVlu: 1024

Name•: Maximum String Length

Q jijo: The basic value for the length of an individual
string of characters.

1 AIuS: 256 for all string parameters except data records;
32767 for data records.

Name: Bundle Table

I Qscj.Qfl: Bundle representations are not settable in the
current version of the CGM. To insure
predicatable results, CGM interpreters and
generators conforming to this profile shall use
the following default bundle tables.

Basic Value: See Table 9.

I
I
I
I
I
I
I
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TABLE 9. CALS Default Bundle Tables

Bundle Index 3
Bundle Type 1 2 3 4 5

Line Bundle 3
Lina Type solid dash dot dash-dot dash-dot-dc:
Line Width 1 1 1 1 1 3
Line Color 1 1 1 1 1 J
Marker Bundle

Marker Type dot plus asterisk circle cross I
Marker Size 1 1 1 1 1
Marker Color 1 1 1 1 1

Text Bundle
Font Index 1 1
Text Precision stroke stroke
Character
Expansion Factor 1 0.5
Character Spacing 0' 0
Text Color 1 1

Fill Bundle

Interior Style hatch hatch hatch hatch hatch
Fill Color 1 1 1 1 1
Hatch Index 1 2 3 4 5
Pattern Index 1 1 1 1 1

Edge Bundle

Edge Type solid dash dot dash-dot dash-dot-dc: I
Edge Width 1 1 1 1 1
Edge Color 1 1 1 1 1

8.2.4 Metafile Transfer Format

Operating system dependencies for file formats can often be more I
of a burden for interoperability than differences in interchange
formats. To ensure CGM interoperability some conventions are
required for exchanging metafiles. 3
For transfer purposes the CGM shall consist of fixed length 80
octet records. If the transfer medium is magnetic tape, the
80-octet logical records should be blocked into 800-octet I
physical records.

In addition, the bit/octet/word order of section 4.3 of Part 3 of 3
22 I
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CGM (ISO 8632/3) is the correct order for interchange between
conforming CALS implementations.

8.2.5 Error Processing

A CALS conforming interpreter should gracefully recover from any
exception condition. If there is something which is not
understood by the interpreter, then if possible that element
should be skipped, appropriate error warnings generated or
logged, and interpretation continue with the next element
following the problem element.

8.2.6 The Use of OSI Data Transfer Services

To transfer .a CGM file between two CALS systems the services
provided by either FTAM (File Transfer, Access and Management) or
MHS (Message Handling System) can be used. Remote access to part
of a CGM file is not addressed at this time.

8.2.6.1 Using FTAM to Transfer Metafiles

One should specify the CGM file Document Type entry nunber as
NBS-l or FTAM-3, Document Type Name as '(ISO standard 8571
document type (6) unstructured binary (4) ' for
Contents-Type-Attribute or Contents-Type-List parameters. The
contents of the CGM file should be mapped onto a sequence of
octet strings. The boundary of octet strings has no significant
meaning.

Note: FTAM does not provide a standard document type for a CGM
file. Therefore the Presentation Layer can not be fully used and
it is left up to the user or application proqrams that remotely
access using FTAM to know that a given file contains CGM
formatted information.I
8.2.6.2 Using MHS to Transfer CGM Files

Specify the Body as USABodyPartsBodyPartNumber'7'. The contents
of the CGM file shall be mapped on to the body of an IPM (Inter-
Personal Message) as a sequence of octet strings. The boundary
of the octet strings has no particular meaning.

I
I
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IV. RECOMMENDATIONS AND IMPACTS

1.0 Differences between the TOP and CAM APs I
At this point there are a number of differences between the CALS
and MAP/TOP V3.0 profiles. These are expected to be eli•at e d
in the revision and review cycle of the TOP profile.
Collaborative development between TOP and CALS graphics experts
has led to apparent consensus on a number of changes to the -!-P7
profile. The substantive differences are:

1. The Metafile Description element of a CALS metaf,4e contai.ns
the substring CALSiBASIC-1.

2. The CALS profile allows both floating and fixed point reas
and real VOC. TOP currently allows only floati•n•q

2. In the CALS profile, the implicit default viewport ?for
ESCAPE -302) is the largest area of -he available view
surface that has the same aspect ratio as th ... _: t
defailt VOC EXTENT. The latter is square, s- .-no -p•c•t
default viewport is the largest square a ea of the avai*,>le
view surface. The specification of -5otrcpy is nissinq fr:-
TOP (but believed to be intended,/.

4. The data structure support for Color Table in CA.S :s s56.
TOP has 254 (believed to be an error).

5. The data structure support for Pattern Table in CA.S is
2048, eight 16x16 patterns. TOP has 1024, four 16x6
patterns (believe4 to be an error).

6. As specified in the TOP profile, the only fonts availatle
for predictable interchange are the Hersey fonts. The ZALZ
profile considers any rendering of a requested f: nt
conforming if the rendering is "%etr.cally Identical" t3 the
font metrics of the requested fnnt. 3

7. CALS has added a number of additional linetypes and hatzh
styles. It is not known if these are appropriate for the
TOP constituents and whether TOP will adopt them. They have
been submitted for graphical registration.

8. CALS adds a number of additionml requirements for generators
and interpreters. In particular, the default color table of
TOP becomes a generator and interpreter cCnfornance
requirement in CALS.

9. CALS specifies two conformance levels for Interpreters, 3
minimal and publication.

I
24 U

I



2.0 Recommended Future Work on the CALS Profile

2.1 Extended Functionality

Significant functional deficiencies have been pointed out in CGM,
when it is considered for efficient use in technical publishing
and technical drawing applications. Other CALS studies have
listed the deficiencies and proposed solutions through graphical
registration. Some of these are fairly non-controversial. Some,
such as the text proposals, may be controversial and may be at
variance with some solution proposals in the graphics standards
community.

The controversial proposals need further detailing and analysis.
The non-controversial ones need to be expedited through the
registration process (and into the standards themselves) and then
incorporated into the CALS Application Profile when they are
stable. They should not be incorporated until they appear to be
fairly stable. Sometime in the next year the second revision of
this profile should begin, and it should continue as a
collaborative effort with the MAP/TOP community.

The user defined linetypes and hatch styles, presented at the end
of this report, should be submitted for registration.

2.2 Fonts

A good and useful set of mandated fonts is the highest priority
functional extension for the next year. There should be serious
consideration given to developing a good high-quality public
domain font set to replace the Hersey fonts. The Hersey fonts
"-re a precedent for this proposal.

At the least, there should be investigation of the possibility of
metric specification of fonts, following the work of ISO 9541, to
allow widespread and uniform implementation of a set of
high-quality fonts. A priority is to accomplish this free of any
proprietary claims of current patent or copyright holders.

2.3 Conformance

At least two levels of conformance for interpreters are needed by
CALS. The number may be higher but this has not been
ascertained. More levels lead to confusion in the market place.
It should be determined whether one or more intermediate
conformance levels are needed.

2.4 Encodings

A single encoding has the advantage of low implementation cost
and thus reduces the barrier to adoption of CGM technology into
CALS environments. There is some controversy over whether the
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binary encoding is adequate to serve the CALS needs. There are
two issues: data compactness and network communications. Little
quantitative information exists on these questions. This
information should be generated and the question of encodings
reconsidered during the next year.

2.5 File Format

Early implementation experience, as revealed at the "CGM in the
Real World" workshop, indicates some confusion over the meaning
of the fixed length 80-octet file format for binary files. There
are alleged to be some system-dependent problems with achieving
this. Some pre-TOP CGM implementors chose a continuous byte
stream as the file format. This in turn cannot be handled in
some language/operating system environments. This question
should be studied and the. profile adjusted and enhanced (if
necessary) during the next year.

3.0 User Defined Linetype and Hatch Style Proposals

During study of the TOP profile and the CGM registration task, i
the need for user def.ined linetype and hatch style elements
became apparent. As part of this project general purpose and
flexible formulations of these were developed. These are
presented here. They should be submitted for graphical
registration as linetypes with corresponding ESCAPEs.

3.1 User Defined Linetype i
This element defines a linetype and associates it with an index
for future reference: 1
Parameters:

linetype (IX) - index of linetype being defined;
number of dash elements (I) - number of elements in the

defined line pattern;
iist of dash elements (nI) - I>=0, n>=l

n=l means a solid line;
I=0 interpreted as a dot;
First element is a dash, second a space, etc; 3

Additional parameters (or ESCAPE attributes):
duty cycle unit selector = (VDC, mm, native device

units,abstract)
the value of 'abstract' indicates that the
implementation may normalize and map the sum of the
dash pattern elements at its discretion.

duty cycle (repeat length in units of '..selector') I
These two controls define the length of the dash
pattern.

adaptive flag = (no, yes) - an "adaptive" linetype is one
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where every vertex falls on an inked portion of the
line. This is accomplished in plotters by temporarily
modifying the duty cycle for each line segment (ceiling
function) such that there is always an integral number
of repeats (and all predefined linetypes have their
gapsarray defined such that they begin and end with
inked or "pen down" portions). Default is "no" or
non-adaptive, so that the duty cycle is always the same
regardless of line segment length, unless the user
requests otherwise.

3.2 User Defined Hatch Style

This element defines a hatch style and associates it with an
index for future reference:

Parameters:
hatch index (IX) - index of hatch style being defined;
style indicator (E) - (parallel, crosshatch);
number of hatch elements (I) - number of elements in

the defined hatch style;
list of hatch elements (nI) - I>-0, n>-2

the array gives alternating (line width, gap
width) - a direct analogy to the linetype array.
Center of the first hatch line is matched up with
PATTERN REFERENCE POINT, if implemented. 0
interpreted as thinnest line width available.
Error if sum of hatch elements is 0.

Additional parameters (or ESCAPE attributes):
units indicator = (VDC, mm, device units, abstract)

specifies the units in which 'angle' and 'duty
cycle length' are specified. Also controls the
manner of transformation of the hatching: If VDC,
then the hatching transforms with segment

transform and anisotropic transforms (as if you
had done POLYLINES); otherwise, the hatching is
like "wallpaper" that shows through the
polygon-shaped hole - you've mapped all that's
necessary into device units and are doing hatching
in device space. The value of 'abstract'
indicates that the implementation may normalize
and map the sum of the dash pattern elements at
its discretion.

angle (dx, dy)* - default is horizontal;
duty cycle (repeat length)

Specifies the distance measured perpendicular to
the hatch line. The sum of hatch elements in the
hatch element list is normalized to this distance
before presentation of the hatch on the view
surface.
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V. SUMMARY AND CONCLUSIONS

The TOP Profile was not suited to CALS requirements at the start I
of this effort, so most of the efforts for this NBS CALS Task
were expended studying *and recommending changes in the TOP
Application Profile of CGM.

Collaborative efforts with TOP graphics experts have been ongoing
throughout most of 1987, right up through the "CGM in the Real
World" workshop (Sept 1987, a joint NBS/Eurographics workshop). I
Adjustments made to the TOP profile (and further adjustments
pending) created an adequate basis for an initial specification
of a CALS profile. As part of another NBS CALS Task, functional
extensions to CGM have been recommended, by the process of
Graphical Registration of ESCAPE and GDP elements.

A number of these are reasonably stable: specifically the 3
proposals for additional hatch styles and linetypes. These are
adopted into this CALS AP as "private" linetypes and hatch
styles, pending completion of graphical registration. Many other
of the extension proposals need close examination by graphics
experts.

When this process has completed or at least stabilized, this 3
initial CALS profile should be amended or extended to include
such functionality. Similarly, CALS should begin adopting
Extended Metafile (ISO Addendum 1 to CGM) functionalityreferenced in the NBS study on needed extensions (e.g., symbol I
library facilities) as such stabilizes.

The most serious functional deficiency is the lack of text fonts 3
of decent quality. The work of ISO draft standard 9541 should be
followed closely here. Future work for CALS should focus on a
method of specifying an adequate and useful set of fonts in a way
which relieves conformers to the profile of obligations to I
holders of copyrights on some of the more useful fonts.

Finally, it may prove desirable that all CGM encodings be I
available as conforming CALS interchange. This does create a
greater implementation cost for conformers to the profile. Hence
before this is mandated, the results of using only the binary
encoding should be evaluated; and the properties of the encodings
should be carefully studied to ascertain whether the claims of
the CGM standard are valid. 3

2
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Chapter 6 Graphics Specifications 

i

I
The Computer paphics community is faced with a number of interface and interconnecnon
choices and a number of different ways of implementng those choices. Device-independence
guarantees dtu a diverse set of computer gpaphics hardware can be used in a manner transparent
to the operaor. it is in the inerest of the end, user to have standards specified for all the
inr'faces. Failure to include any of the interfaces will only result in fuzrther prlIdermmon of non.
stladard practces and wil lessen the benefit of specmfyi any standard. .

The selection of such standards is not simply a case of determining the "best" from a number of
candidates. Some graphics standards are not sufficiently well developed in the standar 3
definition process to be consider'ed for this TOP Specificadon. It is important that emnering
standards reach a level of maturity, such as that represented by the Intenanctia. Organzzaton for
Swidatdiza n (iSO) Draft InternanonaL Standard (D1S) level, in order to avoid confusion
among the vendor and user communies. Under these guidelines. 150 7942. Graplucai Kern!el
System (GKS), and [SO 8632. Computer Graphics Mefile (CGM). have been selected for t,,s
version of the TOP Specification. As fe emerging 1paphicss cndards mature, their inclusion
wil be considered for future versions of TOP. Refer to Appendix D fac more information on the
stams of current and emerging graphics standards.
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TecIsicai and Omcf ProtctoLs

6.1 TOP Computer Graphics Reference Model
ComputegraIphics can be defined as the generaton anod manimpulation ,•f -,c%ýrrs. -.•:-;computers. An applicaton program which produces or manipulates ccmputer g,-mc ;t c'res

requires computa graphics services which provide the foLlowing:

a Graphics output, the generadon and display of pictures on graphics hardware,

0 Graphics input, the acquisition of pictorial information from an operator,
Graphics interaction. the control of interacton between graphics input and graphics
output in a single interactve application.

i Graphical data bases, storage and retieval of (possibly strucrured) graphical data. and

Grarhics metafiles, the generation, interchange and 'ierpretaton of p•cn-e3 descipdons.

Computer graphics standa.ds provide these services in an application-independent and device.
independent manner. Applicaton independence guarantees that the graphics requirements of a
wide variety of appiicamons can be met with a small* number of AppLicaoion Pro•",a Interface
(API) stndanrd. Device-independence guarantees that a diversity of computer graptcs
hardware can be used in a manner =ansparent to the operator.

The computer graphics standards developed by (SO TC97iSCZI/WG2 attempt to provide a wea.
defined. internaonally-accepred funcnonality to meet each of these general requirements. No
single standard can perform all of the above computer graphics services adequateiy 'or all
cassies of applications. The requirements of appiicaaons with respect to computer grapnhcs ae
-ery diverse; therefore, a compatibie farnly of standards exists to serve pam•cular consnruenc:es
with specialized requirements.

TOP specifies the use of die CGM standard ISO 8632 [CGMlRef7-10j to provide 2-dimensional
picture interchange between End Systems and the GKS standard ISO 7942 rCGMRef,3')3. o
provide an APN and Device-Independent Graphics Services tDIGS) for 2-d.=ensonal gnapnmcs.
Standards addressing 3-dimensional grapnhcs have not reached a levei oa mari..-trv .or
spec-ficanon in TOP. at this =ne. The TOP Graphics Reference Model illustrates the
recommended CCM and GKS implementaton. providing inter-operaobiiy terveen rmpnic
applicanons and hardware. GKS is necessary to provide the por.ahility of apphcaaon -rc.•gnns
and proarmmners. which is identified as an izm•ortant user rquirement. Futnire re'vsions •f TOP
may refine this computer graphics reference model. In parn-cular. ,tere ire muinple smrdaazrds
concerned with the API cu"rr-nty under development within [SO TC97iSC:l",A0'G2. For unetr
communicaton requirement. graphcs applicauons will make use of the services provided ty the
Applicaton Layer of the OS Reference .Model. Standard interfaces between computer 'rapncs
and communicanon aspects of acpticauons do not exist today. Such :c.ics will be •ne suclect o0
future attention (refer to ApFend., G).

Figure 6.1-1 shows an overall view of the computer graphics environment. There is a zac.tucs
ioplicadon process and. opnona.ly. arn operator ' f the applicaton is interactive or input-dnven).
The computer graphics functo'naicy is provided by computer graphics ser-vtces. ,hich rrav useS both graphics hardware and =.:rcs sott'.,xare. Th'is is decomposed ýnto a d.,.vt•!!ce ,,dent
,aver and a device-dependent a',.er.
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The gaphics application may be either a seif.conained comr.erc:l product or an appican.on
program or set of prop-Ams designed and written by the user. Common applicarions found in ,e
technical office include desk-top publishing systems. drafing prgrIams Ind •nj•4ned,
spreadsheets which create business graphs. Common technical applicatons include Computer-
Aided Design packages. simulation and scientilc data analysis. It is not wittun the domain of
any standards body or spectficanon at this tme to standardize particular application prorams.

Applications use the computer graphics services through invocation of an API. Different APIs
will be appropnare for different ldnds of applicatons. This document specifies the use of one
API: GKS (ISO 7942). GKS supports the needs of many graphics applications. Thene a
programmng Language Application Bindings (LABs) for the API. TOP specifies %hich of dhe
proposed LABs are mandatory for conformance.

The APIs arc implemented to provide the DIGS of the Device- ndependent Graphics Layer I
(DIGL). DIGS arm standadizedi n the funcuonal specficaion of an API standart. The GKS
funcuonal specificaton is Pan o"f ISO-7942.- -...

The DIGL provides services common to all graphics architectures and iardware. Its use nuxes I
device-dependencies taansparenc to the user.

A significant featur of current computer graphics systems is the ability to mainain and modify
internally resident graphics data st.ucmwcs. This capability off•loads the overhead of
mriaznauig the graphical d.ata basw from the application program onto the DIGS. GKS (a:
output levels higher than 0) supports a graphical data structure called the segment. Ac output
level 2. GKS supports a specialized GKS workstation into which segments can be stored and
later remeved and copied to some other GKS work.station.

The d'evice-independent nature of the APr is achieved by segregating all of the device-ient m
graphics functionaJity into a separate layer of the TOP Graphics Reference Model. below ,e
DIGL (refer to Figu~re 6.1-l). This Device-Dependent Graphics Layer (DDGL) supports une
interfacing of the DIGS to specific graphics devices or workstations. The interface between the
DIGL and the QDGL is the Device Interface. The Device-Dependent Graphics Sermce (DOGS) 1
is ofen implemented as a device dnver.

While ISO TC97/SC21iWG2 is currentiy standardizng the graphics f,,incaonaliry of the DDCL.
the Computer Graphics Interface tCGr) standard fCGCIRef161 is iot speciLied at this =me due ýo
the incomplete nature of this project. The CGI defines a Vi-rual Cevice Interface jV Df) betreen
,he DIGL 'and the DDGL. 3

CGM (ISO 8632) is also at the level of the Device Interface. While CGI is an interac:iveinterface, the CGM is a statc analog of much of this functonaliry. The CGM is a pic,-,u
descmpaon metafile. i.e.. it contains. in device-. system- and installaaon-independent form. the
picurea descripuon information rmpresented by the graphics funcnons invoked U"zugh the API.
Rather than record an audit tail of the funcrions invoked througn ,he APIK the CGM stores. ne
output prirtuves and atmbutes Ahich compose the picture. The CGM can be used for archiving
and trmnsferrng such picture descnpaion informaton. 1
The CGM. which is graphics system and device.independent. is c-reated by a CCM generator.
The CGM generator resides at the level of device driver and is invoked by the aophlcanon-
callable layer. In turn. -ne CGN may be :nte.r" ed by an ap••icanon-caIlat'ie device-
.ndevendent graphics system. (JKS ;s a.n acphication callable. de= ce-nde.ende.t :acnics
sistern recommended :n .=e reference model. A ma-Fing 1eteen GKS and CGM1 denes 1

subset of the GKS furctcrs 4'" :z1 -%- .;scd ,o ginerate and iro ' ret a COM. Fo%4ever. IncCGM generatortinterpremer :an - .ndependent of any graphics system.
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Device dnxvers access actual gaphics hardware or metafiles through an OPerarng Ss:e,-n
Interface. Physical devices may b distributed on a network.

The TOP Computer Graphics Reference Model of Figure 6.1-1 also depicts the existence of f•.e
stores outside the domain of tne computer graphics services. The graphics applications progr'ms
may rain.an application-dependent data bases in system-dependent file stores.

Other relevant emerging standards such as GKS.3D (ISO 8805. (CG.,Ref l4) and P-{IGS (1S5
9592. [CGM,%ef 15]), which are shown in Figure 6. 1.1. are briefly discussed in Appendix 0.

6.1.1 Services Required/Affected by Graphics

Pictures stored in a CGM encoding may be transferre• across a network using Ile services of
File Transfer. Access and Management (FTAM) or Message Handling Systems (M.HS).

The following application is intended to demonstrate how selected standards speified in his
version of TOP can be used together and to demonstrate their importance to the end-user. It is
not intended to be an all encompassing view of graphic requirements. It is only one example of
a TOP requirement.

The purpose of this application is to create a technical report to be delivered to a customer. The
report is to be created in a totally elecronic form, with the eventual goal of delivering the reportI in e!ec:onic form. The report is to contmn objects from several soure systems. These systems
_ nc•hde: CAD/CAM appiications, engineering analysis applications, gaphic arts devecprrent
systems. existing hardcopy a.rwork (irnage) and text ,nfm PC and Host-based systems.

To capture CADICAM and engineering drawings for inclusion in the report requires tne
generaton of a meta"ile. The CGM (ISO 8632) is specified Ln this version of TOP to satsfy th•tis
requirement. Simirlarly, artwork created by graphics arts personnel via a presentation g'aphics
application also requires the generation of a COM. Exisang hardcopy artwork is captmre- :in
elec.-onic form via a scanner and software. This input will also be stored in a COM.

,For each of these objects to be included in the technical report, .hey must tbe tnsfemed -o -.ne
:ag-et system. The target system is where all of the enuttes w•ll be merged into an ed.itable fcrm.
"•he COM data will be -ransferr-d to the target system "-rtm t-he -xide varery of source sysie-ms
"•s•g services such as FTAM or .MHS.

A graphics editor is required on the target system to finaLize the g-ac:ncs ind irt.age for :,-c:ý'.son
in the report. This editor must be capaole of importing and ex-ortng a TOP conforminng COM.
An editor of this rype requires an AP[ to a graphics subsysiem. GKS (ISO 7942) has been
selected as the TOP API. The functionallry required of this editor includes scaling, rotatng. text
annotation, etc.

These objects will then be merged with the text into an electronic compound document :orrMat.
This format should be one that can be =,nsferred to users on other systems. TOP is specifnng
Office Document ArchitectureyOffice Document Interchange Format (ODA 1ODIF. 150 3613)
for this purpose.
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6.2 Computer Graphics Metafile

3 This section defines the TOP CGM Applicaton Profi-le (AP) for the Computer Graphics N1eCai.:e
Interchange Format Building Block. The funcnonal description and bindIng rules for :nis
building block are found in Chapter 2. Section 2.4.10.

6.2.1 CGM Introduction

The TOP CGM AP defines the conformance characterisics or permissible combinations for all
possible data streams that are specified in the profile. In addition. the TOP CGM AP defines
additional requirements for tansmitring. receiving. interpreting and handling valid CGOt data
streams. The definition of such tmpiernentauon constraints is usually outside the scope of In
ISO standard. However. such APs are required and necessary to insure uniform tMplernen.•acn
of such standards, especially where interchange in an open systems envuronment is conce,,.ed.

3 6.2.2 CGM Scope

The TOP CGM AP defines the CGM implementation that is required for computer graphics
picture informaidon interchange. CGM implementations that conform to this AP will be iole to
be integrated into other applicaton processes such as compound document interchange. This A?
can. in the future, be supplemented by addidonaL CGM APs.

6.2.3 Definitions

APPLICATION PROFILE (AP) - A specificanon that defines the use of an Inte,-. zonal
Standard, with a definition of all possibie data streams that conform to that Arnie..A,
A? insures interoperabiliry of implementanons of an Internanonal Standard.

BASIC VALUE - The subset of permissible values for parameters of a CGM element that
are mandatory for conformance to this AP.

CGM NI - A CGM metafile input workstanon.

I CGM MO - A CGM metaffe output workstation.

COMPOUND DOCUMENT - A digital analog of a document con.inting more :zan crne
component objects (such as character. computer graphics. image or facsirruie dta).

COMPOUND DOCUMENT IINTERCHANGE FORMAT - The s:ec:ficamon for a
mechanism for stonng arid niunsfernng a compound document. Refer to SO 8613.

COMPTj-ER GRAPHICS IN'TER.FAC.'- (CGI) - The specificatuon for ýnterftce "ec"n~ques
with graphical devices.

COMPUTER GRAPHICS :METAFILE ýCGM) - The specification for a mechanism for
stonng and tansfernng •ic-.L- descri;ron mnformanon. Refer to ISO 9632.

DATA NTERFACE - T71: :omr-untcznon -undary i .. itface) -t'een ctr.-
modules or devices corrcnstng ore or -ore operanon codes and daa (as ,or,.-asze4

m with a subroutine cail .... 'ej.
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DEFAULT VALUE - The Lm'Licit v3lue for a Parasre:er of i CGM eiernent. For example.
default Metafile Name in Begin Met3aile ellement is a nuil sznng.

DEVICE DRIVER - The device-dependent porton of a gnrphics system %,hich ;uppcrs A I
physical device. The device driver genertes cevice class specific output

GRAPI-CAL KERNEL SYSTEM- A standardized applicamon programmer's Interace :o 3
raphics systems. Refer to ISO 7942.

MLETAFILE - Synonymous with CGM..."A representaton for the storage and ransfer of
"aphical data and control infomrmauon. This inforrnaton contains a deviceindependent

descripton of one or more pictures.

METAFILE GENERATOR - Synonymous with CGM Generator. The softwa-e or hýadware
that creates a picture or conveys inforrnaon in the CGM representaton.

METAFILE C4TER.PRETER - Synonymous w*-th CGM Interpreter. The soft'ware or
hardware that reads the CGM and interprets the contents.

PELMSSIBLE VALUES - The range of valid values for a parameter of a CGM element as
specified in [SO 8632.

VWRTUAL DEVICE - An idealized computer graphics device that presents a set of gra;';cs
capabdies to graphics software of systems via the CGI.

Note: Refer to 150 3632. clause 3 and ISO 77942. clause 3. for fu'ther deI.•itons of
computer graphics terms. I

6.2.4 CGM Architectural Concepts

The CGM is designed to be usable and useful to a wide range of applications. graph:cs systeMs
and devices or workstaaons. The CGM is grahics system inderendent. as weil as mevice-
:,'de-endent. h Te CGM is c-L.ed by a CGM Generator. Tle CGM Generator r.s:,des it :Ie
.evel of the device driver and is invoked by the applicaton callable layer. The CGM Generator I
can be used to record device-independent picture desc-pnons, conc,:ruallv 'n -arallel wlitj L"e
;resentamon of images on acuzl devices. Fige 6.Z- I illustrates t.ne TOP Graphics Reference
Model for creauon of the CGM. 3
The CGM is designed to be interpreted in one of tvo ways. Firt. :he CGM can be inter.re.ed by
a special applicaton program, that in turn invokes a device-independent graphics system to
render the CGA. Second. a device- i rdepenident r raphics system may have functions Lhat Can be I
invoked by an applicamon to get. read and interpret meta•fle elements using the fachlimes of a
CGM metafde input workstaon. Figure 6.2-2 illustrates a CGM Generator (prirnaryj Refe",nce
Model Figure 6.2-3 illustrates $te CGM .nterpreter (alternate) Reference Model,

The GKS may be the device-independent graphics system that is used in Fi"res 6.-"-. and 6.2-3.
GKS (ISO 7942), however. does not specidcally refer to the CGNI any more than It does ,o
another specific class of rmpnics dtevice.

3
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6.2.5 CGM Conformance

The TOP CGM AP specifies conformance in terms of 'perrrussible' and 'basic' values.
Permissible values am the range of values of CGM elements as specified in ISO 8632. Basic
values are a subset of the permissible values that constiute the "basic set". For exa.nple.
permissible values of LINE TYPE include all non-zem integers. while basic values include Lhe
standardized enumerated values i to 5.

TOP defines a conforming "basic metafile" to be one that contains no elements or parame'er
values outside of the basic set. TOP defines a conforrmng "basic interpreter" to be one tnat
correctly interprets any conformng basic meta"fle and may have more capability as well. TOP
defines a conforming "basic generator" as one that produces only conforming basic Metafiles. or
can reliably be directed to function in a mode of producing basic meafiles.

In addcion. any TOP conforming basic interpreter should correctly parse and :gnore any
elements and pa!rametcr values that it does not support.

CGM (I50 8632) defines the form (syntax) and the functonal behavior (semanocs) of the
ordered set of meutaile elements. There am three different encodings of the CGM that have been
stanidized. These include Clear Text Encoding. Character Encodin! and Binary Encoding.
Tis AP specifies the CGM Binary Enccding, 150 8632/3. Future APs may be develcped for ine
other encodings.

For interchange of CGM files on a TOP network the binary encoding is requu'ed.

The basic form for the command header and surng parameter header is the long form. 'ne 'onr
form of the command header is detailed in [SO 8632/3. subclause 4.4. The long 'orm or :.e
s='tg parameter header is detailed in ISO 8632.03. subclause 6. note 6.

6.2.6 Metatile Constraints

I -1e basic set is defined by the limizatons on pem.zssz•ble values below. %Vhere in ere,-e- :s Icc
menuoned, it Is tmplied that the basic set includes all values perm,-::d 'n :ihe CGM.

6.2.6.1 Delimiter Elements

Element Basic Value

NO-OP An a~rttrvy secuence of n oc:ets.
n~)l,23:76 7

Table T2-1: Delimimer Element Corrraints
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6.2.6.2 Neta.ie Descriptor Elements

Element Basic Value

Metafile Descripion (Note 1) 1
Integer Preci:on 16
Real Precision 0.9.23 (floating point)
Index Precisio n6 1
Color Precision 8.16
Color Index Precision 8.16
%Max=iu Color Index 255
Font Index (Note 4)
Character Set List 0.4/2 (Note 2)

1.4/1 (Note 3)
Character Coding Announcer 0.1

Now 1: tlpiementors should use the Metaflie Description element's string to include a
brief identificacon of their company or product. so that 'iterpreters can account
for known idiosyncrasies of generators. The smng "TOP/BASIC-l' should be
used to label the metaftle as confortmng to this profle.

Note 2: The characier set is ASS X3.4. 7-bit American National Standard Code for
Information Interchange (7-bit ASCfl).

Note 3: The character set is ASS X3.13-1/2. 8-bit American National Standards Sanda~rd
Code for Information Interchange (8-bit ASCII). This is equivalent 'o ISO 1
8859/1. Right-Hand Part of Latin Alphabet Number 1.

Note 4: Four simultaneous fonts are supported, The font names are selected f-ym ,tre
basic font names in Table 6.2-8. I

Table 62-2: Mer¶l!e Descriptor Element Constraints

6.2.6.3 . Picure Descriptor Elements i

Element Basic Value

Scaling Mode (Note 1)

Note 1: [mplementors should use care in specifying the value of :ae ree€c scaling •3c:or
to ensure that it has sufficient signficant resoluton "o specify the intncded
accuracy.

Table 2-3 PTc:ure Descriptor Eeermnt Constrýin:s

I
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6.2.6.4 Contol Elements

Element Basic Value

VDC Integer Precision 16.3Z
VDC Ra Precision 0.9.23 (floatng point)

Table 62-4: Control Element Constraints

6.2.6.5 CG hics Primitive Elements

To ensure portability and predictable results. TOP conforming basic metailies may not contwn
any Generiized Drawing Pnrminve (GDP) elements.

6.2.6.6 Atribute Elerments

Element Basic Value

Uine Bundle Index 1-5
Lxe Type 1-5
Mlrer Bundle Lndex 1-5
Marker Type 1-5
Text Bundle Index 1-2
Text Font Index 1-4
Chac•acer Set Index 1-Z
Alternate Character Set Index 1-2
Fill Bundle Lrdex 1-5
Hatch Index 1-6
Pattern Index 1-9
Edge Bundle Index 1-5
Edge Type 1-5
Pattern Table Pattern Table Index. 1 -

nx. 1-16
ny, 1-16

Color Table Stanrng Color Index. 0-5'3

Table 61-5: Attrbute iement Cons:rain:s

6.2.6.7 Escape Elements

To ensure portability ard prediczable results. TOP conforming basic metcailes may conun only
those ESCAPE elements that are defined in Section 6.2•.3.2 of this AP.
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6.2.6.3 External Elements a

Element Basic Value

Message Action Required Flag. 0

Table 6.2-6: External E!ement Consraints

6.2.7 CGM Defaults

The CGM specifies a complete set of defaults. In a few cases, these defaults are not approprtate
for TOP requurementL However. any TOP metafie must be a legal CGM. This ncludes
impLicit defaults specified in ISO 863211. clause 6 and ISO 8632/3. clause 8. Ther:fore. each
deviation from the implicit defaults requires that the affected element either

1. Appear in the Metafile Defaults Replacement element, or

2. Be explicirty specified for its value to be applicable.

Each TOP conforming basic meufile shall containtn the Mefile Descriptor a .letaf.e Defaults
Replacement element that includes at a i-rnimum:

I. VDC Real Precision element, where precision is set to A0,9,23) (floating point).

2. Text Precision element, where precision is set to 2 (stoke). I
3. Color Table element. where the starting color table index is set to 2 and the list of d~u'ct

color values for the remaning 254 entes a.m a repetion of the following eight enL-es. I
Index Values Meaning I
2 (255.0,0) Red
3 (0, 255. 0) Green
4 (0. 0 255) Blue
5 (255. 255. 0) Yelow '
6 (255. 0. 255) Magenta
7 (0.255. 255) Cyan
8 .0.0) Black
9 .25. 255. 255) White

r'ble 5 2.7. Default Color Table I
Color table defaults for color rtdices 0 and I are exolicftly defined in .he CGM standard as
corresponding to the nomiunal background and nominal ",regrourd colors. r--s;ecmeiy.

I
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Each TOP conforming basic meufile shall also contain in tuie Meta•lie Descriptor. ',,.c folloing
elements:

1. Real Precision element. where precision is set to (0.9.23) (floatng point).

"2. Maximum Color Index element.where the maximum color index is set to 255.

3. Character Set List element, where the flu-st two character set indices ame set to O..4w2)
and (1,4/i).

It is not appa•ent in the CGM standard what the default value for the precision of the floawig
point real parameter of Scaling Mode should be. TOP conforming generators and npeqmtm
shall assume that the real precision for this para.meter is (0.9.23).

6.2.3 CGM Related Private Use o( Elements

6.2.8.1 Fons

The fonts in Table 6.2-8 are public domain fonts, available ftom the U.S. National Bureau of
Standards ("NS) [CGMIRefSl. All of these fonts ame considered to be basic capabilines of a TOP
conformmng basic metazile. Any of these fonts may appear in the Font List element in a CGM
chat conforms to this AP. The font names are specified in a manner compaable with ISO 9541.
Font and Character Informauon Interchange (CGMRef I I]. The font name (Font ldenafier for
Base Font) is a concatenated saing of the Universal Font Name and a User Readable Font Nam-e.
The Universal Font Name for these fonts is assumed to be NBS". pending the registanon of
NBS with an Organizamon Name. The User Readable Font Name is the concatenated sting
"HERSHEY:", to designate one of the Hershey fonts and "name stugn', to designate .ne
p;amcular typeface.

1. NYBS HERS HEY:CARTOGPAPUCRO NtAN
2. NBS HERSHEY: CARTOG RAPfIC_G REEK
3. NBS HERS HEY:S IMPLEXROMAN
4. ,BS HERSHEY:S VAPLEX.GREEK
5. ";S HERS HEY:S LMPLEX S CR 1LPT
6. NYS HERSHEY:COMPL_,X _ROMAN
7. YES HERSHEY:COMPLEX.GREEK
8. NSS HERS HEYICOMPLEX_S CRIFT
9. "NB S HERS HEY:COMPLEX _ITALIC
10. NBYS HERSHEY:CQOMPLEX CY RILLIC
11. ,B S HERS HEY: 0 U PLEX _ROMAN
12. NB S HERS HEY:TRIPLEX.ROMAN
13. NBS HERS H.Y:TRIPLEXITALIC
14. YBS HERSHEY:GOT-UC.GMERMAAN
15. NBES R IS-HEY CGOTI-CENGLISH
16. N-BS H.ERSHEY:GOTCC_lTALLAN

T.b;e j 2.3 - Basic FonrNames
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6.2.8.2 CO~M Escape E."emen's

The following Escape elements arm required inl all TOP coniormiung basic meuiiles.

6.2.8.2.1 Disable Clearing of View SurfaceI

The normal interpretation of a CGM is such that the view surface of a device will be c~leartd on
each Begin Picture Body element. This Escape element will disable the clearing of the .iewsurface for all of the pictures in a metafile. The ef~fect of this Escape element is to penrrut
mulidple metatle pictures to be imaged on the same view surface in a temporal nianner (i.e.. iast
picture overlay3 pr9vioUs picture) with a mapping as described in the COM. standard Picrures inthe metafile may have different VOC Extents. Each picture will be mapped into the ciirrentI
Device Viewport for the picture. This Escape element mXust appear ini the metaftle descrpton
(that is. between the Begin Metaftle element and the first Begin Picnture lement). The D~evice
Viewport is defined by the Device Viewport Escape eCICIDCIL The default Device View.pcrt i.s
the available view surface.

This Escape element will have no effect on the resetting of the metafile defaults on each Begin
Pic=ur element. This Escape element is a basic capability of this A.P.I
Escape Idendfier. -30 1
Escape Data Record; -N/A3

6.2.8.2.2 Device Viewport

The default Device Viewport for inter-reang a picture in the COM is the available view surface5
of the interpreting device. This Escape element will redefine the Device Viewport for the 01crure
to sonie pcruon of the available view surface. This Escape element must appear in the knctre
Description (that is. between the Begirt Picnure element and th~e Begin Picture Body elemtent).
The soccification units for the Device Viewport defintixon is a real fraction, in the ranste tjO0.O1.01. of the default Device Viewport. The default Device Viewport is the available view surface.
This Escape element is a basic capability of this AP. If this Escape ele-ment is specified '-kien
the Scaling Mode has been set to metric units. then the Device Viewport Escape wul :-atusc,ortions of the resuiting picrure that do not fit into the specified Device VielvorT to becled
The VDC Extent is mapped into the specified Device Viewpvrc such that rthe origi of the DOC
Extent coincides with the origin of the specified Device View-port.I

Escape tdenodfier. -30 23

Escape Dama Record: A single strng Of teXt. Th is string is uhe specificanon of dhe
Device ViewporT. Parameters in die stri.ng are separated by at lea.st
one blank character and/or a single comma cha~racter. The decimal
point of the rea.1 frcacon is required. Leading zeroes of Lhe rtal
fraction are optional. T'here are four parameters, Lnva44

ara2m~eters will result in this Escape elemrentc being ignxored.

P!:-r Fzst ~ ~ c o.a ~a:c f -.-e § CtVII

n : e raiO1.0. 1 01.
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P3: Second corner x-coordinate. Real fracton of ýhe 4ef3uit
Device Viewport. in the range (0.0. 1.01.

P4: Second comer y-coirdinate. Real fraction of t1he default5 Device Viewpom in the range (0.0. 1.01.

For example. a Device Viewport equal to the upoer right quarter of the default Device Viewport
would be coded with the following Escape element:

Escape Identifier: -302

Escape Data Record: OR

Escape Identifier. -302

Escape Data Record. -0.50 0.50 1.0 1.0"

A Device Viewpo, equal in width to the left one tenth of the default Device Viewport and equal
in height to the default Device Viewport would be coded with the following Escape element:

Escape Identifer. -302

Escape Data Record: 0., 0.. 1. 1."

6.2.9 CGM Implementation Dependencies

I This section describes the implementaion dependencies and environmental consraints for Lh:s
AP. Specifying the nominal values for implementaauon pracuces. defaults and opcons will
Mcti€alte uniform generaton and interpretation of the CGM.

6.2.9.1 General Guidelines for CGM Elements

Unless otherwise noted in this AP, all of the guidelines of ISO 8632. Annex 0. shall be ,dhe.rd
.o by TOP CGM generator and intrpreters. In partacular, the rnnunum nterreter capabilitres
of ISO 8632, Annex D.5, plus the uterpr•ter functaons defined in Section 6.2.6. should Ie the
minimum supported capabilities.

Name: Me:afile Defaults Replacement

Descnipt.on: -'.e le'tafile Defaults Replacement element shall n".ot b
,arn:t:oned. In addition. no part of the element will be pa•titoned.
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Name: Resmc:ed Text I
Descrptoo: Mirmimal capability of a basic confor~nung TOP nterre•'er snll

render the complete resmcted text scing (i.e.. Append Text
elementss'per1mtted). scaled isoc'opically (i.e.. specified lspect
rato for the text is not distorted), such that the text sctng fn.:s into
the Text Extent parallelogatmI

Name: Color Table 1

Description: The Color Table element has an unspecified effect when tt a.,petars
in a picrure. subsequent to any graphical pnrmave elements. The
Color Table element should appear pnor to any ;aphical pnrve 1
elements to insure that interprenrng systems without dynaznic coicr
update capaibliutes can render the intended effect.

6.2.91 Implementaton Guidelines for Genemtors and Interpreters I
This sectioa is meant to augment [SO 86321I. Annex D.5 and ISO 8632/3. clause 3.

6.2.9.2.1 Minimum Data S=',,c:,,;re Support

Name: Maximum Color A.r-ay Dimension

Description: The basic value for the number of color values that can appear :n a
color array or color list parameter. CELL ARRAY has a coior list

parameter. PATTERN TABLE has a color array parwmeter.
COLOR TABLE has a color list parameter.

Basic Value: 1048576 for CELL ARRAY (i.e., one 10"Z x 1024 image)
1024 for PATTERN TABLE (i.e.. four 16 x 16 .::e.-s)
Z.i4 for COLOR TABLE (i.e.. enmes 2- 55)

Name: ,ax.imu.i Point Armay Lengt, 1

Descripton: Th'e basic value fcr the iumber of ;oints aid VDC :tat .an
.n pa.,'ieters for meafile eents.

Basic Value: 1024 1

Name: N.axlrnum Smnng Length 5
Descnipton: The basic value for the length of an indv.-dual sang of :-.ac:ers.

Basic Value: 6-. ;1 r all snng -"-ne" C , ce!t 0 a U "-,:C-s I
267 ."cr dica rrcords.

I
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Name: Bundle Table
Description. he bundle representacons aJre not settable in Lte Current version

of the CGM. This rnplementraon dependency deta-cts from the

open interhange of the CGM. The following default bundle table
values wil permrt a picture to be uniforrny rendered by all
conforming basic TOP interpreters.

Basic Value: Refer to Table 6.2-9

6.2.9.2.2 CGM Transfer Format

Operacng system dependencies for file formats can often be mor of a burden on interoperabiliry
than differences in interchaJnge formats. To ensure CGM interoperabdiry, some conventons for
file formas arm required.

The fle containing the CGM should be formatted into fixed length 80 octet records. If the"
record length is less than 80 octets, even octet records are required.

Note: When the files are tansferred on magnetic tape. the 80 octet records should be
formatted into blocks of 800 octets.

6.2.10 CGMI Error Processing

A TOP conforming interpreter should gracefully recover from any exception conditon. Lf there
is something which is not understood by the interpreter, processing of the metafile should
contnue with the metafile element preceding that which caused the exception. Exact details for
excepton handling ar outside the s"ope"of-tis specificaton.
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6.21.11 CGM Conformance Testing I
Conformance testing recommendations for the conforming TOP basic - .a..se 1
by subsequent releases of this specificaton.

Bundle Type Bundle Index
Bundle
Representadon 1 2 3 4-

Line Bundle
Line Type Solid Dash Dot Dash-dot..Dash-dot.dot
Line Width I

Marker Bundle
Maricer Type D4o Plus Asterisk Circle CrvssMarker Size

Arker Color I I I I I

Text Bundle I
Font Index I
Text Precision Stroke S =ake
Chanracer , .
Expansion Factor
Cha•ct:er 0 0
Spacing
Text Color I I
Fill Area Bundle
Lnerior Style Hatch Hatch Hatch Hatch Hatch
Fill Color I I I IHatch Index 1 2 3 .4 5Pattern Index I I I I 3
Edge Bundle
Edge Type" Solid Dash Dot Dash-dot Dash-dotdot
Edge•Width I I I
Edge Color 1 1

T;b~e 62.9.: Basc Bundle Table 3

I
I
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6.2.1- CGM References

T'hese references relate to documents applicable to this specification and are ,n addution to -.,cse
referenced in ISO 8632.

CGMRefL ANS X3.4 - 1986. 7-bit American Nanonal Standard Code for
Informanon Interchange.

CGMRef2 ASS X3.41 - 1974. American National Standard Code Extension
Techniques for Use With the 7.bit Coded Character Set of American
National Standa.d Code for tnformaton Interchange.

CGMRef3 ASS X3.134/1-1987, Americau Natonal Standard Code for i-bit
ASCII Sauctire

CGMLRef4 ASS X3.134/2..1987, American National Standard Code for -*bit =rd
8-bit ASCII Supplemental MNultlingua, Graphic Character Set.

CGMRefS NBS Special PubLicadon 424. April 1976, Hershey Fonts.

CGMRef6 [SO DIS 8613. Informaton Processing• Text and Office Sysrems -
Office Document Architecrure and Interhange Forma =ODA, ODF).

CGMRef7 [SO 863,?1. Informaton Processing Systems - Computer Graph:cs -
Metfile (CGM) for the Storage and Transfer of Picw."e Cescnp:on
Informaron. P=rr I; Functional Specification.

CGMRefS [SO 863Z/2. Informaauon Processing Systems - Computer Grachics -
Metafile (CGM) for the Storage and Transfer of Picn.tre DCescrni;on
[nformation. Part 2; Character Encoding.

CGMRef9 ISO 8632/3. Informaton Processing Systems - Computer Graphics -
Metaffe (CGM) for the Storage and Transfer of Picr".Lre CescrtUon
Information. Part 3: Binary Encoding.

CGMRef 10 ISO 8632/4, Informanon Processing Systnets - Corrvuter Cra.-hics -
Metafile (CGM') for the Stcraze and Transfer of PiFcr,.e Cescnpacn
Informawon. Part 4; Clear Text Encocrng.

CGMRefII SO 9!41. L'ifor-,aton Processing Syste-ms - Font and Character
Information Interchange.

CGMR.f12 150 DIS 3859/1. tnformnanon Processing - S-Bit Single Byte Coded
Grapnic Character Sets. Pan 1; Laun A'phabet Parn 1.

CGMRefl3 ISO 7942. Information iProcessing Systems - Computer Graphics -
Graphical Kernel System (GKS) Functional Desc'npaon.

CGMRefI4 [50 DIS 88905. Informanon Processing Syste"rs - Computer Graphics
-Orah.ical Kerrel System for Th.ree Dimensions GKS-3D)

Fz:.':::� . Desc.;rt-cn.
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CC~tc~5:so CP ;-11:, S ?-e

CGOItRef 16 ISO t'CY5; CZ N i 9 nfr-rwAon P-xciw s.- %:cn

Oevi~cs (CGI).

6.L13 The Us. of OSI Data Trinrsfer Sorv ices

To ransfer a CGM. rllc b-cetwee -'o TOP End Sytens. h t-t evices ;vrovt-ded e tytr~ F7~\
or oy %tXS can be used. Remote access to pant of a COM file .s not addressed at t.us zre

.. suin ETIAN to awtsffer CCG f~e:

One shousid s-pect~v :ne CGM Ooi. 4 ~ rnent Tv-pe em~ i c u ýS-. -
FTAM-3. Docum~enit~ Nam~e &% 'ýSO surCxM 5il -lo-~e -

w4msucrured tinary 4I)' for Contenu-Type.Atmbute or Conmenu.T. *

;ar~,.c 71e z ..so -'c CGM 111:e snould be mrapped onto a 5C,.nt :f

Nom FT AN 1doe s :-, : -4 v .ýe a s c3:d ý oc, =e n tv~ -, -x r a C GM N e. I ~e
?P.a-w:2.on L~a~er w% :10( ' ...V 'je S C Lnd , 'ý's 1e.4 ý;p, t o t.ne s r r n;;z:^zon
;mgrv ras =t -C:Tt~cmv acccss if"es si;FTA.%i to 4now .'"at a 91"Vn I: 1ae :~~ C3 .r

:Sx.nj NUis to 7ansfer CGM 1es: I
-nec:fy t.ýe Bodyv as U3A3od-Ps Bod-P t-N~m-er "' The zzrentes sf ý-e C
`:.e snailt Cdc -o aýet 1-ý of an :PN as I sme ectc Ct -xte S~ttv. 7`e-xýnds-v f .-e c~t ~n s -.s -,' U- *..,A*SC 3*ýýCI
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The Computer Graphics Metafflie
Lofton Henderson, Henderson Software
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Topics include (he general concepts of graphical meta-
files. including what t~pe o~f metafiie COM is. and the
structure and contents of COM and the tunctionaiitt or PUtO
the metatile itself. Several detailed COM application POA

icenarios are developed to illustrate the adaptabiibty of
CGM and how CGM elements may be used to achieve this
.ersatdiliv.________

What is a graphical metaftie? 0- NEIPPrf

Consider two graphical sessions on a local area net-
%%ork. On one computer ant application program is gener-
ating graphical representations of technical data and ____________________

sailtrng them for later off-line plotting. The file format is
binary, resecmbling a low-le~cl graphics device protocol ciic uEAFILE
but in fact corresponding to no existsing graphics de% ice. nvlEItA0

Elsewhere in the nietwork a technical writer is interac.-______
tti~ei% generating illistrations with a drawmin package
based on OKS. During the session a complete ASCIIV

llnwtabt. for CGM- -

19715 S"eia I workshop explores standardization Figure 1. CGM as it relates to a graphics application
to.-, computer graphics; identitifes moo* for sov- environment.
Oral levels of graphics standards

1979 GSPC 72 issujed containing first proposal for a
graphics metatile standard Later %wet mill see some detailed application camic~e. F ~r

1980 Work begins on the Virtual Device IMetatili nuow a brief list of some rnetattie Uses ,%%il urtIL.- :,j
(VOM) illustrate the concept. Graphical metatiles oro% itie

1982 VOM proposed as )SO work item 0adt omtfrpcueacv n
1983 VOM accepted as ISO work item 0 a graphical protocol for otf-iine and or?%lite Diunitin

1984 First ANSI public review: first ISO OP baltot 0 sýinqle format trsoin o-utct:_biia
name changed from VOM to Computer Gracnics plotting 'je% ices
Metatile (CGM); cieanext encoding ade 0 hle no5isibiit' and irneu ',-)r ao Jiq~ atjrar2,

fltertace to picture-gcfleratinq ze'.ce
,985 Second ANSI public review, seconid ISO OP * v * rcuse rite same oic,,ure: .Airtut c1jz;.

ballot ISO bevrisavestigationot werotitem torit
Compatible revision of CGM incorporating at 0 ~.C\~cue tne ,n-::r
least GKS dyn~amics and session capture output ro ur xoni%. c .mecia

1986 Ct3M b~ecomes ANSI standard 0 a biasis for cdeouezinfa and quaiit a.,,urar-c . ,i
* a basis tot ýessiun -a~e rcstart Mcnanitrr',

1987 CGM tiecomee ISO standard * the glue fro unit'. ing ana intewrattn'if 1'C* 21tn: rC'Z.icL
applications and -ilar(I'.arc ýutt%%are te,.n a
distributed cuomuting en'.ironment

Relationship to a graphics system
..learte'xt script of the dialogjue across the GKS '.vorksta. A metafile is a graphical database, Coinscaucnti-, :riere
!ion interface is being recorded for later cediting and must be a component of a :raphicai b%',temrn natcncat-
,cssion restart. ing the database concurrenta'. ýkith tIhe ý:e,.cjiuon ran

Though seemingly dissimilar, both wracihical riles cro- application fthe metatile qtneraturi There nu!.i al:v Ptie j
duced by these hvpothetical aprikc--ions are 4riuphiia oUmponent tot refacing. ýnterorcni fg, afla rten,;f-r :ne
"rfefraties Because the conceot of a araohical metanie zracihicai information ýn a meratile !he mrcar;;e nier-
enicompass-es a wide range or iotecis. tne 1efnintion is ýreteri Figure I *lluý,iratcs me rv iufnimjotA j LGI n

erbiruad: a graphical metafile is a mechanism tor the metarlIe and these oructsiflg components.' to it '. "t a
-apture. storage. and transport or graphicati nformation. graphical - stem. In this rigure the ntrrt:a_ý an



entitv is not as well defined as the generator. In different CGM is not an application programmer standard as are:
cerwvironments the interpreter maN. be a stand-alone pro- OKS and PHIGS. Rather. it is a1 specification tr .. te
cess. it m av be a c.omponent of the graphics sv stem. or it designers and s,.st:em implemncrtclrs- Figure I nows tne
mav be a combination of the two. 1conceptuaih placement of the mcianie gerieratur at ap-

Figure I implies that the generator and interpreter are pro'timatcl'. the lc~cl or de'.icc dri'.ers in a grapnics
software components-which is the current state of hierarchy.
technology~. However, there is no reason that their func. Gcnerality is a keyv attribute of COW. It is designed for
lions (particularly the functions of the interpreter) should use with a w"ide '.ariecv of e. cs applicationls. and
not migrate into hardware. This migration is. in fact. one s'.stems. The same metaftle can be intcrpireted ufl a uk.-
of the purposes and anticipated benefits of metafie resolution monochrome terminal, a high-resoluation mui-
st andardization. tipcn plotter. or a raster devitce %-ith high functionaiit.

implicit in the definitions. examples. and contex~t dia- CG.M can be used in simple and minimal applicatiuns in
gram just described is the separation of the processes wkhich the piority is blind interchange ot su'ostanti'.ei'.
generating metatiles and the processes using them. There currect pictures to a v ariet' of de'. ices. and precise tuning
isunl'. a single. onc-wav onnection betviecrnthe to t% pes ot output is unimportant. But it is also nighi'. ,a~iiraoic
oif processes-the metafile itself. This constraint has The generator can target a particular je ce*r z~as, ,~r
:molicattons ror the design or metafiles and the selection de'.ices and tailor the 'netatile: conitents ý,ucn as, ,rc
ot mnetafilc elements. and is one of the primar'. distinctions metatie coordinate sx stemi accoraingi'. The -necn'a-
aet%%een a metattle and an interface such as Computer nisms of tailoring are such that .ze'ice inaependeinc )r
Graphics Interf act:e CGI) In pantic ular. t he f unctiuns or a the resulting metafile is preser, ca.
metaftile must be independent of the ftinal output de'. ice.

Wh1at does CGM standardize?
Types of metafiles CGM standardizes the semantics and ssnta't of a set ot

To understand what CG.Mv is and is not. we should first elements for the device-independent definition or pic-
distinguish two tvpes of metatiles: picture capture and tures. The standard is organized in four parts Part ! s a
session capture. This classification must not be taken too functional specification. All standardized !cments are:
stricfl'.. The t'.pes are not ecxcusi'.e and a metarile defini- identified, their parameterizations are citscriced .n an
.ion could share characteristics of the two t'pes. abstract fashion), and their meanings are Jetina A.n

A picture-capture meitafile is one whose primar'. f unc- appendix~ annex A) gives a highi\, concise act:niuun .r. a
tion is the capture or multiple. device-independeint picture tormal grammar.
definitions. It prov.ides a mechanism well suited for star- The remaining three parts present data e:ncoulngs -t
ing or transmitting randomly accessible and concisely the functionality of Part I Different applications ma'.e
defined collections or independent images. CGM is a conflicting needs: compactness of the mnetarile %s. speed
picture-capture metahile. or generation and interpretation \.s. readabiiit'. ciaitaoii-

A session-capture merafile is designed to capture the it'. and ease of transfer etc. These contaiding needs are
complete output dialogue across some interface in a met I,' providing three distinct entcodings. cnaracterI
2rachical s'. stem. It thus provides a mechanism suitable ninar'. and cleartc't.
.or recording tnte ci:act state of a graphical s,. stem during Pant 2 !s a character enicoding Cocodec and p:iarametc-
a 2rav nics session. The GKS mcintric!GKSM) annex~ or the Jata are crncoded b,. chiaracters *r~rn ,!e ASCII c:narac-.cr
Graoriical Kcrnci S --te cntains such a detinition. but it e:it CGNI aciuaik' cctrics itandarz nýat~unai :naractcr
.s nut pant of :fle standard. let :abvd on 1S0 e;o ' ASCII . eLS . ersjon arid s

dcnticai to ISO t-4f but ror a rrait iurrier .)t c.jce

positions. w-hich ISO o46 a~s are uo Dc ;etnria, n'"cDefinition of CG.M national tandards nuodics it thec ISO -iem:)crs 7.c
CC.M is a ianic pic.,urc-capture meitafile. Thai is. it :-,sultinv :ncuuted data coný-sists-it or:ntacie criaractcrs,

,ýtntains no elements ýtunctionsi with d'.namic etfects on Ele~ments and parameiter isi:N n :,nis enrcoding ar: ,cit-
partialih. defined pictures. A change of transtormatiun to uclimitina: that j5. :here is nu eadinii .engtfl inoieat)on
achie'.e Zoom is an estample of a d'.namic effect. The encoding is ~umoaat and .an be transmitted _.irc2'.ý

The definition of CGM scope, partie:uiarl% its limitatiun, through ,ianaard narak:tLr jriterittd im,-iur~cjt:uns
.%as the most difficult and persistent i-,,uc during CGM er.ie.Thtere are riu inusuai cs-acc .4r iJnz-,,i
,pcc~fication. A large curnstituenc%. %anited a picture. sequences, to confuse the communications scr'. ice.I

capture metairile that could bme ctandardizvd rclati'.eh Part 3 is a binar'. enc,,ding! it s ;rit~,.!ed rur accihca-
quickly Another important constituene'-ineiuding !iofls in which occed of zcncranuon and specd ot irans~a-
users of the nonstandard GKSNI-dtesirtd d\ namics, ses- tion art: most important it is reasonaoi'. c,ýroaet as i
,ion capture. scirmcniatiun, and other ad% ancted features, The! turmats for encoded data are: 4ithcr :nvscn .ur, rt::rI
.Aith usictui functionalitv The limited scope; w.as hnail'. imilarit'. to data turmats in cýumouters. jr ci:!,inta 1.ir
aduritcd, and more ad'. anced and eumoiv-, tunctionajityV rasi decoding and prucees.siniz For c-kame rnoice arc
-as out off for a second ::haseu ,t andardizatiun Work cncoded as 2' curr olcnent !ninar'. ntieý_zrs .r ai;si -cn*i

.iaiready under~a'. on this ad'.ancW ý ut 'ta..kw.ardl' kcricodtd with cither a !loiling*noint -arrnai r'se I
om~patibici meitarile detinition The tir,,,i prior~t, iof this ANSI IEEE standard P-4 .r a eouint Enr'.a

;fttort isto e.-tend CGM to scr'.e as a tuilý capaoie GKS.M. -tioded lcments are aigned )su that oarame~teriniiia~
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3 entities will, on most computers. align conveniently with
respect to computer word boundaries •for speed of

Part 4 is a cleartext encoding. It is human readable. For
example. a circle centered at (0.0) with radius .25 would
be encoded as CIRCLE 0. 0..25:. It is transmittable with
standard character-oriented sertic's, like character en-
coding, but is not vetN compact and is relatively slow to
generate and interpret. An important feature is its ease of a "M ae •- 9
comprehension and manipulation using standard text
editors.

A vital feature and design principle of encodings is their
translatability-any CGM in one encoding must be trans- Figure 2. CGM structure: 3M = begin metaflie: EM = end
latable to an equivalent metafile in the other two encod- metafl.e: SP = begin picture:. BPS = begin picture body:
ings. 'Equivalent" means that no information is lost. and EP end picture.
interpretation of the metafiles will yield the same picture.
Hence. translation from one encoding to another and
back again will yield the same picture. although the exact
bit streams of the two copies might differ.3 LUnderstanding what is not standardized with CGM is as need to interpret an. of their predecessors. Such oic:ure

important as understanding what is standardized. In the independence is possible because CGM defines ecements

functional specification, a set of picture-defining elements that can be thought of as having a state as benw in .!ner
is standardized. along with parametenzations. Metafile default state at the start of each picture. Hence. clanges
generators and metafile interpreters are not standardized. of state in previous pictures have no effect on iater ones.
This point has led to considerable confusion. The question Picture independence was one of the most iagniticant
often anses "Would an interpreter be a conforming design criteria of CGM.
interpreter if it...?" Within CGM such a question cannot
be answered. The semantics and syntax of the metafile Coordinate systems
elements are standardized, but not the behavior of pro- The coordinates of CGM elements are CiUeC .!r,:,,
cesses that manipulate meta.iles. device coordinates. VDC space is a two-dimensionai Car-

Part I does contain an appendix (annex D) that gives tesian coordinate space. As we will discuss in more :V:al
some useful guidelines to tmplementers of interpreters, later, the VDCs of particular CGMs are highiv conflrur-
but it is not part of the actual standard. The annex able. The representation of VDC space can be integer or
describes what minimal functionality should be provided real. and the precision (which determines the range and
and the reasonable responses to exception conditions in a granularity) can be varied. The coordinate space zan
metafile. even be inverted and mirrored by reversing the normal

Although Parts 2. 3. and 4 standardize the encoaings of senses of the -x and -Y directions.
elements in the appropriate stvle. they do not specify
an% thing about phlvsical record formats of the encoded Color specification
-data. These formats are acknowledged to be important Both indexed and direct seiection or cutor are suD-
'or successful metafile interchange, but specification is ported in CGM. In indexed mode -he color ,pecir.er -s an
5eond the scope of graphics standards committees-it is index into a color cable CG.%, .ontains a tunc::on '•r
mn the domain of groups standardizing file structure. defining the contents at the color tabiev In -.irec: -notoe
"ransier. and management. the color specifier is an RGB tripie RGB :s the onr, •otor

s,.stem supported bl. CGM. Other s'stems ,ucn as HLS
CGM structural overview hue. hightness, saturationi are more *aserrinena•l out

A computer graphics metafile is an ordered sequence CGM is not a user-ieei standard. and zhe otner ststems
of elements with a simple two-le el structure (see Figure are easily converted to equi, aient RGB so-eclticauuns.
2 ). Every metafile consists of a metaide descriptor and a
collection of logically independent pictures. Each picture The metaille elements
consists of a picture descriptor and a picture body con- Tables I and 2 list the CGM eicments. \ian% .)t 'he
taming the actual picture definition. The MD contains elements will be familiar to those %,ho hate worked wkith
descriptive information that applies to all pictures in the standard device-midependent graphics s'stems isuch as
metafile. The information enables the interpreter to cor- GKS). Only elements that are unusual or -hat are asso-
rectlv parse the metafile and identifies the resources that ciated with major CGM features are or m•erest here
may be required to render the pictures currectl, The PD As Table I shows, there are eight ,iasses ot e:ements.
also contains descriptive intormation. but PD elements The first three are unusual, relative to such soecicatwons
pertain only to the picture in which the PD resides. as GKSi in that the'. do not describe any graonicai

Each picture definition is -,elf-contamned and logically wunctionalitv Rather. the, structure 'he -netartie ani,
rndependent of all other picture definitiuns in the meta- describe its iormat and contents. Their tunc:ion , .u
fIle. After the MD is interpreted, pictures may be ran- communicate nongraphical but '.ital ý'.ntac'c .ntfr'ra-
S jomniv accessed and correctly int,.rpreted %,ithout the tion tram generator to interpreter It :s b% :hese iernments
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that the metafile is tailored 'or different constituencies. Meta file descriptors
and its contents announced to its recipients. The elements or this class make ie~erai important

MAost of the elements in the remaining classes are the declarations chat appiv to the entire metai e. First. the
familiar graphical functions that sperify picture compo- t% pe and format or the metafile parametercdata, De os areI
nents and their appearances. GK.S functions form the described: 'v DC TYPE is used to dtec.,are w netner mne
kernel for these elements. The ba~sic set of OKS functions representation of %'DC space will be integzer or real; SET
was considerably augmented to ser'e wider constituen- <xx,%> PRECISION' functions are used to declare the
cies and provide functions appropriate for a low-level precision of each metatile data ocoe. The ex~act natureI
standard such as CGNA. depends an the encoding, but precisions are t-,nicaili a
Dolilmteri field width in somne units meaningrul to tne encoocing-

Five elements delrimi the structure ot th CGM. as bi~ts, characters. etc. For example. I.NTEGER PRECISIONI
tillustrated in Figure 2. Two of the elements have meaning ofrLe bitnaramendt zers oftne intmoerm uthemtic sa to
beyond simply delimiting structure: all tlemenrs assume rptecprmtr rtp igrntemtte
their default values upon BEGIN PICTt.RE. BEGIN PIC.
TU RE BODY tells the interpreter that the, viewN iurface is %IET..FILE ELEMENT LISTzi, es, a ist it ailferrentsI
to be cleared if the interpreter intends to present the that might be found in the metatile, it is an uco~er 'toufd.
picture on a clean view suriace. 'out need nor be the least upper bouna) Hence. ýnter-



pretcrs can be told uptfront% what resources they will need .A final pair or elements, TRANS? 4REINCY and ALMXL.
to interpret the metabie. 1ARY COLOLR. give access to capanilities available in

Part I of the standard gives a default value for each some raster display devices-the aoilstv to spccif'. the
element for which a default makes sense. These defaults. local background color ot character cells. dashed iines.
which are the values that elements assumne at the start of etc.
each picture. may be replaced for the entire metafile with
METAFILE DEFAULTS REPLACEMENT. Thus, a com-
mon set of initial attribute v~alues need not be included at Graphical primitives
each picture start. Thc. graphical primitive elements define the geometric

As mentioned earlier, the color system of CGM is RG8. objects that make up the pictures-linies. text. circles, etc,
Abstractly the range of each component (red. green. blue) Table 2 presents and categorizes ail graphical primitiv e
is the real range (0.0.I1.0t % hereas a given encoding may elements. CGM contains a rich set of primitives for lines.
represent the components with a different data type or a markers. filled areas. text, and a generalized raster
different numerical range (e.g.. integers in binary encod- function.
ing)- COLOL'R VALL E EXTENT defines the mapping The graphical primitive elemeintsu or KS form the basis
between the abstract range and the numerical range of fur this class, but GKS contains onk a 3ingie ::cment .n
the encoding. each.cattgor'. The reader familiar %%ith b-oth itancar-15

Other M~D elements allow ipeciticationcot the character will also notice differences in parameterization. The
,;:ts and tonts to be referenced in the metafile. as well as parameterizations of GK.S functions are! Jesigneoa tor a
the mechanism by which character sets will1 be selected. user intertace: those of the low-le% ei CUM are designed on

the assumption that CGM%. is generated ac the bottom ut the

Pfcezare descriptors transformation pipeline of a slistemn such as GKS.
Thi clss ontin decritiv elmets hatappy o a CGM contains a POLYGON SET element as %well as, the

Thisclass- b-pcotur asins.VETN desitieelmntsta applydonw basic POLYGON. With this element multiple disconnected

icuebpintr basis sD XETdfnsawno polygonal regions may be defined, making :t eas'. to
i Cspace in which the image will be defined (as well dfnfreape nanlsehc sakadwt

as allowing the mirroring and inverting of VDC space). Che basic for xmleGan anlsthihi.% k~r

This element plus the MD element VDC TYPE and the toe gaice usrsacestonosanadied rn

conroleleent VO <t@ PECIIONallw com- functions, CGM contains (as does GKS) a GEN ERA LIZ ED
plete tailoring and customizing of the metafile coordinate DRAWING PRIMITIVE tGDP). CGM goes fur.rter .rian
space. It can be configured as an abstract normalized GKS. however, standardizing a set of the basic geometric
address range for maximum device independence. But it obet(ICL.R TA L..E IP tc,'4ci
can also be configured to mimic the addressability of a ouldjet (CDRCs inECTANGEse occurSE oten Anhucri i
particular target device to take advantage of particular wouldble graphis deice and Theseocr oalueneog indaaom

.4evict characteristics. In the latter case, the mechanisms availsioe isaphigh deienog towrandti vtandardiing dthecm-

of CGM ensure device independence. peso shg nuht arn tnadzn hm

CGMt contains no coordinate or mapping transforma. a low-level standard such as CG.M.
COM contains two text functions not usually found ;n

:tons. However SCALING MODE allows the specification ihrlvlste:RSRCT.TX adPED
:ýi abstract or scaled VDC intert~retation: abstract implies TET 1 ohaesple eaueteIQIETX
:haE VOC may. becorrectiv rendered at any size to displav EXTENT function of higher ie'.ei s,.sters. ,,.iicn adows
-ýte oicture;.scaled specifies that VDC must have a given accurate sizing and concatenation ot text strtngs. :s niot

rticsize ~or the picture to be properly rendered. Thus psil namtrl niomn n eeao n
,caiec mnode ailkows for the spectfication of precisely sized inteadiaciRE

.zawns.Thsisth ni peenato dretvefo interpreter may be sepaae ntm n pci E
Jraý)ng. Tis i th on~v pesetaton drecivefor STRICTED TEXT ensu .res that the Uio'151,%ed text %xvii not

.niterpreters that CGNI contains. exceed a spec:fied area i parallelogram' \, itnin the picture.
COLOLPR SELECTION M4ODE declares indexed or PEDT Talosattsrigobewt.jied

:irect mode on a picture-o6*picture basis. Mixing color APPND TipaEdT alos a tLgexunt strinm to~ra piec n it. aiso

modes within a picture is not allowed. <xxx> SPECIFI. ari llos textd s ttr nibtsc lor, front ctc rto biees.I a.te0

CATION MAODE allows a choice of modes for specifi ng betowee thex pttiectes. -oofnet!. ej

such sizing elements as !ine %width and marker size. CELL ARRAY is a generalizvd raster function. 'ikc As
BACKGROLND COLOIR specifies the nittia ý.ivw sur- GSeuaet

facecolr fo th picureand mplcak efies clor Circular arc elements in CG.M exist in two different
index 0 if the color mode is indexed. parameterizations. centered and three-point. Dual para-

ineterization is a good illustration of how CGM func.
Controis tionality has been driven in part bv its ie'.ei n the

Elements of the control class and all remaining classes graphics hierarchy. Direct users of the s.tandard are
mav appear anvwhere within a picture bod,. The VDC -ýystecn implementers and tool builders. and implemen-
<Yxx> PRECISION elements complete the family of tation details can be critical. The toforms ot arc
metafile coordinate tailoring functions. The clipping elements differ as to .Nhere computational error is ;i-
.4nctions are formulated in a manner -hat differs slightly curred during rendering. Hence. both are prou6ded -,o
.rorn out is designed to iupport higher t!e- el raphics that the implementer can choose according to the de-
ipecifications such as GKS. mands of the application.
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I
Attrilbta nonstandardized functionality It is for these cases tnat

Attribute elements describe how the graphical pnmi- everv graphics standard has included an ESCAPE ece-
tive elements are to appear. for example, the color of the ment. ESCAPE gives the user a catch-ail for specr• ing
lines or the style used to fill areas. As with the graphical nonstandard functions within the rules of the standard.
primitives. GKS attrbutes provided a kernel, which was GDPs are intended for access to nonstandardized grapni-
the categories of primitives, the primitives in those cate- for all other nonstandardized graphical functions. SUch as

gories. and the attributes controlling the appearance of control functions and transformatons. I,the primitves. CGM adds an element APPLICATION DATA. •.hich is

CGM allows either bundled or individual selection of provided for any nongraphical purpose the user desires.
attributes& In individual selection of attributes, the more For example. the element might be used to embed ,ocu-
familiar style, each attbute is adjusted individually and mentation of the picture or to embed the raw data used
all subsequent primitives are displayed according to the to generate the picture. APPLICATION DATA ,-Qrre.
new value. In bundled selection of attributes, for each sponds to the user item of GKS.
primitive type <xxx>. a single attribute called <xxx>
BUNDLE INDEX is manipulated. <xxx> BUNDLE IN.-
DEX is conceptually an index into a table. each of whose Applicaons
entries contains a complete and distinct combination of CGM has been designed to ser'.e a ,ýide ran.e t
the individual attributes of the primitive. Hence, the index applications. e%en though the requirements ra- :irtIer
selects all attributes at once-as a bundle. greatly. For example. in some appixcations perfor-rance

In CGM. asLin evel0of GKS. ailbundlesarepredefined. may be the most important factor. ,Nhile for others :re
that is. the system implementer initially defines the con- abilit, to communicate %,ith other ,.stems ma. "e
tents of the bundle tables, which the user cannot later paramount.
adjust. Predefined bundles are a good way to guarantee One xway CGM matches the needs of different appi-
the distinct appearance of primitives in environments cations is to specify different encoding schemes. T.e I
where applications cannot ascertain target device capa. details of precisely how values are encoded ,an aiso -e

bilities isuch as metafile environments). specified within CGM. Finally, some vaiue :'Des icn at,
For some primitves. such as line elements, all attributes color. can be specified in a number or -'k a• s. cacti -

zan be bundled. For others, such as text elements, some responding to a large area of application. 3
can be bundled and some cannot. Although the cor- CGM can be used in an unlimited numrber or .%a%.s:o
respondence breaks down if pursued too far, the attn- in centralized and distributed computer irapnics iý iems.
butes that cannot be bundled tend to be geometric Three was are described here as examp.es at how CGM1
CHARACTER HEIGHT. for example) and those that can may be applied to 'and tailored for) particuiar t%p es ot 1
be bundled tend to control appearance or rendering use:

color attributes, for example).
A set of attributes called ASPECT SOURCE FLAGS. e access to graphics devices % ,a a spooling s% stemr

.,+ith one ASF for each attribute that can be bundled. * archiving of computer-generated pictures
aetermines whether attribute selection is individual or e description of pages ,ontaining mixed t.ext i.lz

unailed. araphics

As :ndicated earlier. sizing attributes such as LINE
\,IDTH and MARKER SIZE ma, be specihed in one or For each or these amoiications. .. de .,i scre t.;e I
•,o rooes. In the scaled mode. the size is a scaie factor to adI, antages or .sine CG.. 'he re'ationsio Ce,

!e appiied to !he nominal size or the target device at grapnics sNtmern and CGM. and CGM 'unctons -nat are
disoiav time. In the absolute mode. the size is specified in ehpeciail% useuiu tO me aootication.
", DC-s. and thus should have a fixed relationship to the Each or these ,amoies ýuggcsts a CG.M ,ener-atec . I
rest of the defined picture 'or to the window defined by and outout trom a cumputer orogram %%, hile this t%' e .r
N DC EXTENT) as the picture is scaled and displaved. using the metatile is ikei tu be the most common it ma\.

Most CGM attributes are patterned after similar GKS not alw,a's be :he one used. CGM has ine ra,::ites lor
attributes, with two notable additions. CGM has a set of example. to ser'e as .he tile ,urmat tor an ýmaee icut r
attributes for controlling the edges or filled areas. It also %,temr-a %,:anner or Jigitzer :nat )roauces -aitcr
separates the concept of character set trom the concept represcntations •t ý,.anncd ;mina:.
of font itvpefacet and provides attributes for indepen.
dentlv selectig character sets.

CGM has parameter values that are not standardized in Accessing spooled graphics devices
GKS. For example. HATCH INDEX standardizes iix basic One ot the most common uses ot an. grapnics metate
hatch stvles; INTERIOR STYLE has an empt-, st'.ie. and is to transfer information trom a ,omputer ýroiram :o a
TEXT ALIGNMENT has %alues for continuous auignment graphics de: tce that ;s either oo -,io'w too remote rjr 'oo
as ciel as the discrete alignment or GKS. bus', to handle the draw,%in requests a3, tast is: "e

program generates them Here., aý, %itn inepin.nier )utnuI
Escape and extenrais !rom the earliest da, s. a Dou•ing -,%.tem :s useu. ,.;otittn IThere -will aiwass be cases in ,Ahicn an avolication CGM as the accepted turmat tor tne ýoooung • im .>
wouid beneiit irom using a standard but also needs •ome ad% antageous tor a numoer ut reasons.
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"" If character encoding is used. the format is highly 0 Every CGM file is sei.identif•ng. both as to orgi..
compact. comparing favorably with most common nator and the version ot CGM being used. This eit.
manufacturers encodings. identification. together with the status or CGM. pro-

" If binary encoding is used. the computational effort %i des the best insurance that teking mechanisms
required for generation and interpretation can be will still exist when CGM pictures are restored ,'rom
minimized, and the encoding is still quite compact. ancient archives.

"* The large range of graphical functions available in
CGM the many primitives and all their attributes) The archival CGM is normally generated in the lame
allow much greater data compression than is typical way as for the spooling s, stem applicaton describedof earlier formats.
Data is transportable through networks that accept earlier, Since we are not likely to know when the picture"is generated what device will be used to view it after it is

only seven-bit entities tassuming the appropriate restored from the archie, the metafte descriptor dc-

enc .oding is used). rsoe rmteacie h eaiedsrpo :c

" Since the file need not contain any information ments are used to record the facilities required tor
successful interpretation of the metafile.

specific to the intended device, the output can be
rerouted to other graphics devices if the original
device has been incorrectlv specified or is out of Mixed text and graphics
service. Documents that contain temt and graphics ý, 'e

stored in revisable form. suitabie for :nput to a aýLut
system, or in nonre%isable form. output trom -ucrn a

The generating program can either use or ignore any system. CGM can assist at both stages.
known information about the target device. For example. A revisable document may contain pictures in CGM
in a GKS system CGM could be either an OUTPUT format or instructions to merge in pictures from ..Ener
workstation or a METAF[LE OUTPUT workstation. If files in CGM format. Pictures generated by, comouter Qr
CGM were generated by an MO workstation, the appli- input by a scanner are likely to be stored using character
cation would be blind to the characteristics of the target encoding or binary encoding; pictures couid ailo -e
device, prepared by hand using cleartext encoding. This aoroach

If the generating workstation were OLTPU'T. then its to preparing documents has been adopted b% "he nter-
workstation description table would describe the charac- national Organization for Standardization grouos ,:% eý:.
teristics of the target device, and the information would oping a standard for composite document arcmtec:ure
be available to the application. The CGM generator itself (ISO DIS 8613, 1-6). The architecture current'. ,oec:t:es
could tailor the metafile contents such as address space that pictorial information is to be encoded using CGM.
to e,•ploir known target device capabilities. The wide range of elements available in COM aiio\%

The full range of CGM functions can be used to obtain etficient encoding of most types of pictures.
precise and compact descriptions of the pictures. The CGM could also be used for a nonrev isable Oocument
metafile descriptor elements may be set to retlect the torm. A number of approaches are possible:
range of facilities required in the final output device if
there is any chance that the file may be rerouted. 0 CGM could be used iust for graphicai .nrormatiun:

Picture archiving the text wouid be in a i4tferent rormat.
i Each page ot the document :uuid Oe tuil :unr' er'rea

In many applications. graphics pictures are stored for to a bitmap: CGM ,.ouui ne used to ,tore zte t-
periods or minutes up to severai years. The shortest times quence or pages • pictures, ea.n ,..untaanir, C E-L
are typically encountered when previewing graphical ARRAY e semtnts.

output from a batch program. Intermediate times are 0 CGM -.ould be €u o:u 3lre juin e•,t and rricntc•.
encountered when holding information on line that might using the ý,ide rant: or :e,(t attr:oute e•men'rs 7U
otherwise be printed out The longest times are for the obtain the dirferent t•pta,%cs. nara,*:er ýc,, .rnc
archiving of pictures. For ail these applications. the viewer ,haracti_ •izeh.
needs access to the picture from any suitable device.
using the capabilities of that device to the best advantage.
For long-term storage the picture must still be viewable The last method allows tuo-quaiitt text reproductiun •jni'
w,-hen it is restored. it the lavout 3,ýiem ,:an az3umv a zarticular .,.,tput

The design of CGM ensures that these requirements detce and knows all !he :unt attributes ot that jetLCe.
are met. The advantage Is that the d.ouument Can be prt\'., e'.ea un

other graphics deu ces.
Extensibtlt, is butit into CG.M 'a ýu,.h cirnents a.,

APPLICATION DATA. v~hich ailsringra onicai. ~ODII-"• Pictures stored in CGM format ma, be :urmoletelv cation-spectfic informatiun to ne embeUdedinm inc metia.
deu ice- independent. avoiding proolem ý ot tile ormat tile. An. ot the three mrrtnud .:be ,uid use -PPLI-
and device incompatibilitv CATION DATA eiemen to O.) ria.> onuraonic.ai Iire.tt'.

"* Any deuce-specific functions are ,tored .n a wa' trum the la..out Evstem tu a ,a;ut ou-toru,•.sý,,or ju
that allows the .iewing -. stem to •KiO "hem ,.%nen ,utput Le', ice
their use would be inappropriate. Fur a more Cumprzhensi',e •i JssiJn i.t "ýc-.; cxt
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and graphics, !ice the article b% W Horak referenced at Hurak. Office OucurcntArcritteriure anct~ttcceD..mern
the end of this article. lnter-chanat:~ Formats: Cirrent Status .r Intcrnt~iunai Sti~nf

aardization, Cu,'rottr % ui- I S. No Ii0. Oct, i 6 pp 50.e2~
Smith. Bradford. and Juan ý%ciltngtun, [GES A Ki: Inecrac

Other standards Sipicitication for CAD CAM S%.,wrm Intcgraniin. C,'.-u.'w I
There are a number of other graphical database spvci- Graphis. Theodor Fi.. A tatin. wt aor EFf-tP A Svu.it i ;30~

fications besides CGM in the computer graphics indus"r. Rae.nhedom e N.,ia 'f Gr vanilc. forur EfriivnE t~qu.nt a ul0

We hav'e already' mentioned GKSM. a metafile specifica. jujiý 1982. pp.39.44.
tion tailored to certain needs of GKS. North American Red. Theodore N.. 'Standardizauion ut tht: 'i uai Dc% i,.c !l.

Presentation Level Protocol Sv:nta.x and Initial Graphics tace and the Virt ual De',ý ica \kctattic. C.iwr..
Exchange Specification are two other specifications tai. Vol. 9. No. 1. 1. pp.3 3 -38&

hed to mard usdwisthincn bpetilieen ad aplcthense spectr.
lTre to mand udisthincto specialiedG anpldcthons spectr.

ficattons is that CGM is a '.ersattic and genera[-purpose
ý,pecification designed to -jer~e a wide range of applica-
tions in di~crse enrironments. NAPLPS and IGES art:I
tailored to ý,pecitic applications. Still. cumpatibilit'6 be-
,%wcrn formal and de facto !,tandards is hightv desirable,
reitardless Ui the intended constituencv of the bpeci-

fication-fties alwa%,s scurm to find their w.,a% across the
boundaries of !specific application area!, into other en-
%.ironmcnis.

Accordingly,. some of the diverse groups working on
generalized and spec ial' purpose standards are beginning
to devote considerable effort to maintaininit close liaison.
Such liaison pavs, off in gzreater compatibilitv and reduc-
tion of etfort. sincet existing work is incorporated instead
,it equi'alent specifications reinvented. The adoption of Loftion Hendemsn san -I

CGMas the picture-civitning protocol ot the current ISO poker grapnics consuitant Fr'i'
CGM he was the .traonicb :)ruict

,peciticatiuns for ODA ODIF orfice document architec- Natioinai Ccnterur Atmos~onc r.i r
lure and urfice document interchange torrnat is a good Boulder Cuiurauo Prtor ýo 4-4ýcj ý
e',ample uf the bunefits of such ciose coopteration. applications prourammer :rerv Hi) n%,--'inctuds: araphics tur .ientitc .iat

ýcntation, metatties and .istrinuwt.1 r30n1-.
Conclusion user intertaceb. and araonicN ,iardaruý,

,I V. ~~Sincv 1 960 Hendrsovrbn na~j ovwna nr
The Computer Graphics Meitafile isa standard debsigned ut wch.Jnical (ommiticte X3H3 %kurking ufl ANSI 'Zraorticb ýIa'"i

'ojrdi% rse iraphics cnvirontmelts requiring a mechanism Jardsband ýincc L982 has 6~vn a meoru nc Lbac:jai'r u

,,or thle carture, lranister. and archiiing ot pictures- -kllof mte ISO Worxing Gruouuri racinih.,.SO TC. c: A
.iCG%1 :,cnnicai ýditur jur -)uin ANSI ana 1S0 _n -

:Mv %echtnicali! soes rewarding COMI !-a,. oven resolved, AB a tn mac m CirrivI L~ ii ar £1.'

,irta ,ne !tinal caitoriat rt~iel.l Is in progress. Fuilow-i-n ippit,;j -lain.ýrnatiL53 ýrum Lr~ nri% kcr~t it L. ýrac~ i
-%ojrkis aircad,6 under%-.wa :ocxtend CG1 uo better serve -Lerior,,i ALMI SICGRAPH
ýor'nc neceas..)Uch as GKSNI. %%itch wetre outside the scope
ir .-he irimaj L-fort. Thus. CGM w*ill be the frst memberuof
.an anticioatcd tamtl% it urnpatictcl ahia metafile Margaret Journey, -iar'a4,r a E.i;ný ý I
,tandards. SýMLr' tl~r PL'ýiun %~~u -IUI H t.'

and prugrarnm~r

X33ýd'rum ý3 -airyd j

X3H3 I '.~ .T-uoO P ..4, -a~ out,-

F.4rtier iniormyatin on it*. inown ruin~rran,, ni'' i'.

',,m AINSI. 14 3OBruausaý \%cw ýji\'tr NiAji- -'!-:042 4 CIk)0~
A\5 X(3 I lG-19ý3 Nurth Amcranr P-,.'ý%ntjtitn L,%0I Prajtuiol

S~niaxNAPLPSi Chris Welnd is head ut itML -. ,rOUZ... Z!aM, C0Jj a~.,tuf 1
ANS X(3 122 1946 Cvmouicr Graonu., \1.:.. G\i Ruihertord Aopletun Ljtoraiur% fl !he LK.H kHea, nt~ic

k\S X(3 24 ~5Gratinitcai Keýrn. ,s 'i-i, .' ,KSý plofleeting %work on .. iwinituiejcumnoole. .raomN. -it -nc I~,ý
A'NS Y!4 26%.ij'441 Initial Graon'ý.ý EN-ae Oi.ifl n~atute ot Compoter Sic~et Prinr t o% n, e .n ) R ALn ' it .

IGESo ý,irk on oipvratingit seýtms and cumouter araoni.., F-jn t,
lur-natiio in 1 962 until JotN I 'Q45 hie nraircdj tie ,uzvt-uoo .i 'so
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Accredited Standards Committee Doc. No.: X.2H3/'87-39 _

X3, INFORMATION PROCESSING SYSTEMS Date: 4 "Febz.,•y -987 3
Project:

Re. Doc.: TOP TCOO
Reply to: Dr. Peter Bcno

Bono Associates
P Sax 648

Gales Ferr-, CT 06335

I

Tom Haug 1
TOP Technical Review Committee
Boeing Computer Services
M/S 7C-16
PO Box 24346
Seattle, WA 98124-57/20

Dear Mr. Haug: 3
Thank you for extending the closing date for comments on the TOP Specification
Change: "TC010 Graphics.* We appreciate this opportunity to comment. Because almost
all major graphics suppliers and many graphics users are represented on X3H3 (the
current membership of X3H3 is over 80 members), we are confident that our reviewing
TCOIO will result in greater consensus and compliance to TOP version 3.0. 3
During the week of January 26. a group of X3H3 experts spent over 80 man-hours
reviewing in detail this TOP Change. Overall, we have found very few technical details
that we recommend be changed. Our aim in doing this review was to follow closely the
apparent intent of the document, correcting obvious mistakes and 'tightening up' the 1
specification so that adherance to TOP 3.0 will achieve the goal of completely
predictable results when interchanging graphics pictures. I
Most of the rerommended changes in the TOP-COM profile are editorial and
organizational. In particular, we recommend replacing many pages which duplicate the
CGM with a short description of how the TOP-CGM profile differs from the full CG.I
standard. This change, along with explicitly pulling out the Conformance and Defaults to 1
their own sections. will make the pertinent information easier to find, and eliminate
many of the transcription errors we found in the current document.

There are a number of recommended technical changes as well. These include: 1
1. The "basic sets of parameter values should be limited to those values with

standardized meanings (e.g., linetype I to 5) - private values should not be allowed 1
in the basic set.

2. Floating point reals should be added to the basic set, since they are already
required to decode the SCALING MODE parameter. 3

3. The defaults for COLOR PRECISION and COLOR INDEX PRECISTON should te
changed to 8.

4. The right-hand portion of the 'Latin I Character Set* (ISO 8859 I) should be added I
to the basic CHARACTER SET LIST.

'Opwar'ig vrnee tife Dtocvouf of The Amwcaflt NdelfO,. Sta•nOWVf Inef'5tfrV

X2 S c am'e ov~y.e &"d gSunsAlI fau~oEote Mot'u 0 w ' tutorsAiccat, a,,1Tr- 2'_2-3899Q
311 Fts $,ot.'lSrlt N W, Sul*~l 5•00. wll''irFlOC 200)01-2178 I 2 6 g;
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5. Elements that only had one legal basic value. that being the default, should be
eliminated from the basic set - this includes PATTERN INDEX and PATTERN3 TABLE.

6. Most of the proposed GDPs and ESCAPES should be withdrawn from the propcsai
so that wider consensus on the proper formulation and functionality may be
attained. The 'disable clear' and 'viewport' were left in, in the latter case with
minor changes to track the current CGI and extencidd CGM documents.

7. Encoded parameters in data records should be separated by blanks.

S. The predefined fill bundles should be all hatch and vary by hatch indexes I to 5.
9. The default foreground and background colors should be specified as being

"nominal" (as in CGIM) rather than black (0A0,0) and white (1,1,1). Black and white
should be explicitly added to the default color table. The default color table is
included in the Metafile Defaults Replacement. for indexes 0 to 9, with repetition
of 2 through 9 to fill the table implicitly.

On Friday, January 30, 1987, Accredited Standards Committee X3H3 unanimously
approved the detailed revisions suggested for TCOIO attached to this letter.

Sincerely yours,

Dr. Peter R. Bono
Chair, X3H3

11 Technical Committee on Computer Graphics

cc: Sylvan Chasen, Chair, TOP Graphics Subcommittee
Lockheed-Georgia Co.
Dept. 72-92, Zone 419
Marietta, Georgia 30063

Alan Francis. CGM Rapporteur
Cyclops Group
Open University - Walton Hall
Milton Keynes MK7 6AA3 ENGLAND

X3H3:
Debby Cahn
Frank Dawson
Andrea Frankel
Lofton Henderson
John McConnell (for X3H3 distribution)
Tom Powers
Barry Shephard
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Comments on TC010 TOP-CGct Prorile X31-3 S'-39

Sectioa 3,4 1

On page S, reword the par2grah;

"The CGM is designed to be interpreted in one of t(,o W Is
firutly, by a special applicactr- pregram that, in turn. invokes a
device independent graphics system to render the CGM.
ajternatively, the device independen•t graphics system mav hae Ie
applicaticson cti(be f¢unctcions to get, re3d, and interpret mei;;e

elements. using the faciiities of a CGNI metaflie inputc .,otXSc3:cn

Conformance

The conformance statement in the se:ond -irn-n'.h cf 3 : nee•- z:s a n -1
strengthening, and should be re"ccated Delete t"te -ar2gT11 3 its Z.lrent ýCC3t:<n
Retile .3,5 as "Conformancee and insert the folioing text at the teginin-I of 1-e

""T h e a p p lic a tio n p r -:fl !e sp e : ifie s :o n fo r -an c e in -e r -n o -If -f
PERMISSIBLE and BASIC ,aiues. Perrnissibee values are the rarnge
of values of CGNI eiements as specified in ISO 3632 Basc -alhes
are a subset of the permissible values. For example. permiss;ble £
values of linet%-,e inudt 30 non-zero ntegers, while basic ý.alues
include the standardized linet pes I to 5.

Any legal CG.', is a legal TOP me.afile TOP defines a :onformin;
"basic metafiCe" to be one that contains no elements or ;arameier
values outside of the basic set. and tlhat obeis any noted ririctions
on the presence of ESCAPE elernents. A .confýrin 'i• i asic I
interpre:er" is one that at :est correctly :n-er-rets •n- :onfor-ng

basic -neciatie aind may have more :3ablctv a 35• e A
C ; ormng "asic qenerator" is one that -rsduces o,' :o
,,i tnetatsies, or :an reitatly be dee.edj !o :nc;n :n e c:e
orf producing basic meta~ies.

In addition. any TOP me,'fe interpreer "-iou!d c-if'-,r ij ano
pass over any elemen's that it does not aort and ivi --3-me!er
values that it does not support" I

In the currenL First paragraph of 3.5, replace the last nence ,h

"This application pr,-e is an -.ihe IG'.1
Binary Encoding. ISO 8532 3 Future 3,,iarion . . f:s m•a. e at
developed for the o-her en:odings of CGO "

Delete the page references in 11e tast sentence of se:::on 3 5, r7.e. 71-,, -,! ::-rrez: I
the final ISO text.

I
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X3H3/ 87-39 Comments on TCOIO TOP-CCGI Profile

Section 3.6

Note: The following text is intended to replace the current section 3.6.

The Basic Set is defined by the limitations on Basic Values ncted below Where an
element is not mentioned. it is implied that the Basic Se! includes all values permitted in
the CGM.

3.6.1 Dellimte, Values

3.6.2 Metafile Descriptor Elements

Element Basic Values
"INTEGER PRECISION 16
REAL PRECISION (1.16,16) (,i.ted)

(.0.9,23) (floating pount) I
INDEX PRECISION 16
COLOUR PRECISION 8, 16
COLOUR INDEX PRECISION 8. 16
FONT LIST Re/er to clause •
CHARACTER SET LIST (0, 4/2) (ASCII)

(i, 4, 1) Note I
CHARACTER CODING ANNOU.NCER 0 (Basic 7-htt)

I (Bastc 8-hi:)

Note 1: This set is named 'Right-Hand Part of Latin Al4phabet ,'umrer I-
contained in SO W859/1. ECMA 94. and .4ANS X3.?.

Note 2: We also suggest that i-,lemetiors u'e te VfET"4FL E
DESCRIPTION element's string to incluae a &iC :dent,.'ictio, of :0,' -
company or product. so that interpreters can account ko" known idtor-'Ic'a.;r.
of generators. TOP may also wish to establish a string e g 'TOP 845'/C
"which labels the metafile as conforming to this pro,/7.e. The merie ,.T.'
always be interpreted without using the co'ite,-ts of ihe ,fET,4 'IE
DESCRIPTION; its use is optional.

3.6.3 Picture Descriptor Elements

Note that the scale-factor parameter of SCALING MODE is al'.a~s a floatang c77t
number, even when REAL PRECISION has selected fixed-point for other real numtets
This is not an error - a float:ng-point parameter is needed for some situations -. here
low precision fixed-point reals would not encompass the range at all (for examcre.
scaling a plot done with 3-b4 integer coordinates onto a I -meter ciece oft a-cer, "In
for other situations where using a fixed-point scale factor would produ:e un3az:e#tabe
loss of resolution.

3.6.4 Control Elements

6-,



Cotments an TC010 TOP-CGM Proite X3H3i87-39 3
Element Basic Values II

VDC INTEGER PRECISION 16, 32
VDC REAL PRECISION (1.16,16) (flxed)

(0,9.23) (floating point)

3.6.5 Graphical Primitives I
To ensure portability and predictable results, TOP-conforming metafiles may con1tan
only those GDP elements that are defined in TOP profiles. 5
3.6.6 Attribute Elements

The PATTERN TABLE and PATTERN INDEX elements are not included in the Basic 3
Set, as patterned rill is not able to be supported easily in a device-independent manner
(e.g., on pen plotters). The default pattern table is described in the CGM as having one
entry, a solid *foreground colour" in the first position; therefore, selection of intericr
style 'pattern' results in solid fill.

Element Basic Values 5
LINE BUNDLE INDEX 1-5
LINE TYPE 1-5

MARKER BUNDLE INDEX 1-5
MARKER TYPE 1-5
TEXT BUNDLE INDEX 1-2
TEXT FONT INDEX . Refer to clause 4

CHARACTER SET INDEX I-: 3
ALTERNATE CHARACTER SET INDEX 1-2
FILL BUNDLE INDEX 1-5
HATCH INDEX 1-6
EDGE BUNDLE INDEX 1-5
EDGE TYPE 1-5

COLOUR TABLE start in~ex O-l2 I

3.6.7 Escape Element 5
To ensure portability and predictable results. TOP-conformirg met*•liies may zon:a:n
only those ESCAPE elements that are defined in TOP profiles.

3.6.8 Exteroal Elements

The 'action required' flag of the MESSAGE element is restri::ed to -he -alue 'no a':: I
required'.

I
I
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X3H3/87-39 Comments on TC010 TOP-CGM Profile

in line with het recommnendations for stimplifying and reitructuping 3.6. add rhis

material on defaults after section 3.6.

3.7 TOP-CGM Defaults

The COM specifies a complete set of defaults, In a few cases, these defaults are not
appropriate for TOP requirements. However, any TOP metafile must be a legal CGM,
including implicit defaults, thus each deviation requires that the affected element either:3 I. Appear in the METAFILE DEFAULTS REPLACEMENT element, or

2. be explicitly specified for its value to be applicable.

Therefore, each TOP metafile shall contain in the Metafile Descriptor a METAFILE
DEFAULTS REPLACEMENT element that includes (at a minimum):

1. TEXT PRECISION element; Precision a 2 (stroke).

2. COLOUR TABLE element;

Index Values Meaning

2 (255,0,0) Red
3 (0,255,0) Green
4 (0.0.255) Blue
5 (255,255.0) Yellow
6 (255.0,255) Magenta
7 (0.255,155) Cyan
a (0,0.0) Black

9 (2.55,255.255) White

This sequence of colours is implicitly repeated, thus 256 default colour indices are

specified. Color table defaults for colour indices 0 and I are explicitly defined in
the CGM standard as corresponding to the nominal background and nominal
foreground colours, respectively.

3. CHARACTER SET LIST element; (0, 4/2). (1 4 I)

It is dot apparent in the CGM standard what the default value for the precsion of :he
floating point real parameter of SCALING MODE should be TOP generators and
interpreters should assume that the real precision for this parameter is (0, 9, 2.3), If a
precision other than the default is desired for this floating point parameter and if the
rest of the reals in the metafile are to be fixed point, then the mechanism described in
the CGM standard, clause 5.3.12, for setting defaults for multiple mode parame'ers
should be used.

Section 4

We strongly recommend that all of seotion 4 2 GDPs should be ",kithdra'An for now. The
need for the particular GDPs chosen and their specification h:is not been adee,,u3a,!-'
reviewed, and serious technical problems have been identified -ith the ones pinoposed
For the same reason, delete '•e ESCA\PEs sceo::fied :n 4 3 1 throu2h ,13 5 "1\hre gene.!

and useful proposals for 3agorithmic speciflication of linetxpe and hatzh st. e are ncv
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Comments oan TC010 TOP-CGM Proftle X3H3,"87-39

being formulated within X3H3 and should be available for an early addendum to the

TOP profile. I
In the "viewport" ESCAPE, the parameter should be 'fraction'. real between 0,0 and 1 0.
not percentage. 'Fraction' is what is now in CGI, and this formulation should be
compatible. Add the following statement:

"A TOP-conforming metafile may include the "viewport" ESCAPE
only if it does not include the SCALING MODE element with the
value 'metric'. 3

The encoding of data into ESCAPE and GDP data records should have better readatbit',

Specify that at least one blank shall separate parameters. Il
On p.31. 4th line from the bottom - metafile description should be .Metafiie Descrictz;r
The next sentence should read 'That is. between the BEGIN METAFILE and the first
BEGIN PICTURE." 3
Section S

Section 5.1. insert at the beginning: 3
"Unless otherwise noted in this application profile, all of the
guidelines of CGM Annex D shall be adhered to by TOP generators
and interpreters. In particular, the interpreter minimum capablit:es S
of D.5 should be be the minimal capability of a basic-conforming
TOP interpreter, unless richer capabilities are specified in the 'ba.sic
set' of section 3.6 of this TOP application profile. The interpreter I
fallback actions, such as those for APPEND TEXT, are to be
applied as well.* I

Section 5.1: METAFILE DEFAULTS REPLACEMENT - use "`hall* in piace of ',,I'
APPEND TEXT - delete - it's covered in Annex D. CCLOt:R TABLE -
"indeterminate* to 'unspecified'. g
Section 5.2, change the categories *Default' to 'Basic value:*.

Section 5.2, Maximum string array length - a data record is a single strir'g, not an array
of strings. The only place where we can see that this applies is FONT LIST. ,hcce Idatatype is nS.

Section 5.2, Maximum string length - see previous comment- 256 is in3dequate for data I
records, since they are single strings. Suggestion: 'I) Z56 for all strings but data
records; 2) 32767 for data records.*

Section 5.2, for the Fill area bundle, using hatch interior style for all entries and var.1 U
the hatch index makes much more sense - use hatch indexes I through 5

Section 8

Section 8.0. the font working group in SCIS is ',G1 Check ar' :7rre:! 7her, eren.,' 3

I
I
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I. PURPOSE

Inject CALS requirements for extended CG`M (CALS SOW Task
2.2.1.2.1). Work is just beginning to develop a more powerful
and consolidated metafile for graphics picture transfer. This
metafile would allow much more substantial modifications to be
made on pictures being transferred and would be more compatible
with existing graphics standards (GKS, GKS-3D, PHIGS). It is
imperative that CALS requirements with respect to picture
modification be input to this effort in its early stages of
development. This task is a continuing effort, and is partially
accomplished by representing CALS in the standards effort to
design the extended CGM.

This work was accomplished through a contractor, Mr. Lofton
Henderson, of Henderson Software, who is a member of the
following:

"o the Accredited National Standards Committee X3H3 on
Computer Graphics Standards;

"o the sub-committee, X3H3.3, Computer Graphics Metafile, and
Computer Graphics Interface (CGI);

"o the U.S. delegation to the International Standards
Organization Working Group 2 (ISO/WG2), Computer Graphics
Standards;

"o the ISO/WG2 CGM Rapporteur Group, responsible for
processing comments, refining the standard, ana issuing
interpretations of the standard; and

"o the ISO/WG2 sub-group developing the Extended Metafile
standard.

As is apparent, Mr. Henderson is in a unique position to ensure
that CALS requirements get addressed and injected into the
extended metafile (CGEM) work at the national and international
levels. He will be referred to in the remainder of this report
as the NBS representative, which serves to properly identify the
role that he has played in furthering, under NBS direction, the
needs of CALS in the development of CGEM.

II. BACKGROUND

After six years of deliberation, circulation, balloting, and
refinement the Computer Graphics Metafile (CGM) is now a
standard. It became an ANSI standard (X3.122-1986) on 27 August
1986 and was published a few weeks later; it received final
approval from ISO WG2 in September 1986 and its publication is
just completed (ISO 8632/1-4 1987). It became FIPS 128 in March
1987.

The excessively long time period for completion of the standard
is typical of the standards making process. it is due in part to

1
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the time required to resolve the conflicting interests of the
diverse constituencies that participate in the standards process
-- ANSI and ISO standards are by consensus and compromise among
many factions. I
Another consequence of the consensus process is that the standard
tended to be a least common denominator graphical metafile for
the various constituents. It is, to a large degree, the area of I
overlap that all participants in its formulation agreed should be
in a graphical metafile. As a result, it is functionally lean
(although not as much so, in primitives and attributes, as other
standards like GKS). There was in fact a faction that believed
that this is exactly what the first standard metafile should be,
ser-icing common needs of diverse constituencies, with sufficient
overlap and leanness that processing could be completed I
relatively quickly.

The disadvantage of a lean CGM is that it is difficult to use the i
CGM efficiently in some application environments. Much useful
additional functionality, particularly to support clients such as
GKSM, technical illustration and publishing, and compound
document exchange, was proposed for CGM during its formulation.
Most of the proposals were deferred or deflected. The ANSI and
ISO committees decided that the lean first generation CGM should
be standardized as quickly as possible, and an addendum or I
extension process should immediately commence and begin sorting
through the proposals to enrich CGM functionality in th'e
direction of the requirements of more advanced metafile
applications. (This agreement to start on CGEM immediately was I
the deal that finally unblocked much European opposition to CG14,
due to perceived deficiencies, and allowed CGM to become and ISO
standard.) I
This approach was first defined in the ISO meeting at Timberline,
Oregon in July 1985. Technical work producing a working draft-
was carried forth at an ISO meeting in Egham, England in n
September 1986. At this meeting it was also decided to process
the extensions, known as Computer Graphics Extended Metafile, as
an addendum to CGM (ISO 8632); the addendum process is the I
fastest processing path through the ISO standards labyrinth. Two
addenda were actually identified: Addendum 1 extending CG4m
sufficiently to serve as a GKS Metafile; Addendum 2 extending the Imetafile to 3D.

The Working Draft was circulated for international comment and
balloting in early 1987, with the intention that the national
standards bodies (e.g., ASC X3H3 in the US) should generate
positions and submit comments. The plan was that the comments be
processed at an ISO/TC97/SC21/WG2 meeting in France in May 1987, I
and the CGEM addendum be advanced to Draft Proposal (DP) status
at that meeting.

2
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ACRONYMS AND TERMS

ASC X3H3 Accredited Standards Committee X3H3, the ANSI
accredited committee responsible for computer graphics standards
in the US.

X3H3.3 The subcommittee of X3H3 that is responsible for CGM and
CGI.

ISO TC97/SC21/WG2 International Standards Organization,Technical Committee 97, Standing Committee 21, Working Group 2,the international counterpart to X3H3.

Working Draft (WD) The first complete draft of a proposed ISO
standard, the starting document for subsequent work and review.

Draft Proposal (DP) The second stage in the ISO processing

pipeline. After national bodies have commented on the WD, it is
altered and refined and then registered as a DP. Another round3I of ballot and comment takes place on the DP.

CGM Computer Graphics Metafile, ANSI standard X3.122-1986 and
ISO standard ISO 8632/1-4 1987.

CGI Computer Graphics Interface, another ANSI/ISO standards
project, currently at the DP stage, which exists about at the
level of the CGM1 in the graphics pipeline (device level).
CGI is an interactive (input) and highly extended and enriched
interface specification, whereas CGM has output-only
functionality (for picture definition) and is a picture
description protocol (a graphical database). CGI embeds CGM
output functionality as a subset.

GKS Graphical Kernel System, an application programmer interface
to computer graphics, now an ANSI and ISO standard.

GKSM A metafile for use with GKS. One was proposed in
non-standard Annex E of GKS. Work on it was deferred in favor of
CGM, and now of extended CGM (CGEM).

CGEM Computer Graphics Extended Metafile, a set of addenda and
extensions to CGM, being processed by ISO, currently nearing !P
stage.

BSI British Standards Institute, the British equivalent of ASC

X3H3.

DIN The German equivalent of ASC X3H3.

AFNOR The French equivalent of ASC X3H3.

J:



III. DISCUSSION

1.0 CALS Requirements, CGM, and CGEM

CALS has identified the CGM one protocol for capture, archival,
and transmission of computer generated vector graphics in
technical illustration and publishing applications. Under another
NBS task (2.2.3.3.4), a CGM application profile (AP) for CALS has
been developed -- it removes the ambiguities in the standard,i
limits use of "private" information (e.g., private linetypes),
and puts conformance requirements on generators and interpreters.
The AP both makes the results of using CGM predictable for
picture interchange, and makes conformance testing of generators
and interpreters possible.

In the reports of two other CALS tasks, the need for greater
functional richness in" CGM has been identified. In particular,
the Registration report (CALS Task 2.2.2.2.2) recommends specific
functional extensions and has injected these into the Graphicali
Registration process of ISO; the functionality will be attained
initially by registered ESCAPE and GDP elements.

While this will serve the short term needs of CALS, it is not thei
most desirable solution. These escape elements are private, and
will not in general be recognized outside of the CALS community.
It is therefore highly desirabl~e that such functionality get
standing through an official standard. The CGEM addenda, 1 for
2D functional extensions and 2 for extension to 3D, are the
obvious place to achieve this. This is the reason for this task.

The original identified scope of Addendum 1 was to be limited to
that functionality necessary to directly support GKSM (the
metafile of GKS). This meant basically the addition of
segmentation and settable bundles, and not much more. The key
formative stages of the scope and functionality of CGEM were late
1986 and early-mid 1987. This was the proper time for the needsi
of CALS metafile users to be made known in the standards process.i

The NBS representative was the document editor for both the ANSI
and ISO versions of CGM (they are identical in content but differ
some in formatting),and has been the leader within ASC X3H3 of
the processing of CGEM. He has led the metafile sub-delegations a
at the last several ISO WG2 meetings, which has put him in an
excellent position to bring the needs of the CALS constituency
into the standards making community.

The approach of this deliverable is to report the representative
standards processes and ensuing results beneficial to a more
robust transfer within a CALS environment.

4I



2.0 Specific CALS Objectives for Metafile Extensions

CALS requirements for extended metafiles can be summarized into aI few broad categories. These categories are defined in terms of
the major issues that were dealt with at the Tulsa and Valbonne
meetings.

2.1 Broaden Scope

The original scope of the CGEM was tightly limited to supporting
the requirements of GKSM (a GKS metafile). The additional
functionality basically consisted of the GKS segmentation model
and settable bundles, as well as a few additional control
functions.

As long as the scope was limited in such a manner, it would not
be possible to include the sorts of additional functionality
required by CALS. This includes symbol libraries, spline drawing
primitives, additional drawing control attributes (line cap,
hatch styles, ... ) ; the list is detailed in the final report of
the Registration task.

It was high on the CALS priority list that the CGEM should be
more general and serve broader constituencies.

2.2 Symbol Libraries

The CALS need for a symbol library facility has been previously
I identified in other CALS tasks. This was an important issue at

Tulsa, and the outcome was a US position in favor of such a
facility. Such a facility is important in technical illustration
because it allows definition once and for all of the symbols
common to engineering and technical drawing, and then instancing
them in pictures from the single definition.

The (at that time current) segmentation proposals did not support
such a facility.

2.3 Additional Functionality

There were several possible sources of additional functionality
specifications for inclusion in CGEM. One of the most obvious
was new drawing functionality in CGI. Other sources included
some of the PDL specifications (e.g., PostScript), and the
collected recommendations of the CALS/NBS study mentioned above.

Another source of additional functionality was CGI, and included
mainly the CLOSE FIGURE primitive and drawing modes.
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2.3.1 Additional Drawing Controls

A richer set of drawing functions and controls needs to be I
included in CGEM to serve technical illustration and publishing
needs. Many defacto PDL (page description language) standards
such as postscript already contained such. A list of needed
functionality would include:

1. user defined linetype; 3
2. user defined hatch style;
3. a number of additional linetypes;
4. a number of additional hatch styles;
5. several types of spline curves; 3
6. conics and conic arcs;
7. closed figure primitive;
8. arbitrary clipping boundary; I
9. a number and variety of fonts;

10. a completely new text model;
11. raster "input" and associated attributes for image

processing;
12. additional line attributes, e.g., line cap, line join U
2.3.2 Better Text and Fonts

Publication quality graphics cannot be done without a varied
repertoire of standard, commonly available fonts, and better U
methods of text composition and placement. I
3.0 The CGEM Working Draft

Appendix 1 to this report contains a copy of the CGEM Addendum 1 i
Working Draft, as produced at the Egham meeting and circulated
for national comment. The draft is a little hard to read, as it
is in the form of an additions document to the original CGM text.
This is as per the ISO rules for addenda to standards. It also I
serves the critical need of insuring that nothing in the existing
CGM is changed -- addenda can add to but not change their base
standards. This has been a critical requirement of the US from I
the beginning of the CGEM effort.

A comparison of CGEM Addendum 1 with GKS shows strong
similarities, in fact much of the text was lifted directly from I
GKS (without even revising the wording to be appropriate for a
metafile standar- . This is as per the original identified scope
-- limit the CGEm to functionality required for GKSi: support. I
There is also a key target of constituents like CALS, that the
scope must be broadened. 3

6

I



i

4.0 Preliminary U.S. Processing of CGEM Issues

1 4.1 Background -- LB-47 and LB-49, and the Ft Collins Meeting

In December !986 the Working Draft was oiroulated tn e
membership of ASC X3H3 for voting "o.n thnes tabll; .
registration as a OP at the May 1937 -S WG2 meet_.n". The real
purpose of the ballot was to solicit comments and issues fro, "-S
graphics experts, to be used to for.nul.ate
WG2 meeting and progress th.e dccu.e.t to 2stat s.

These ballot resulIts were -.n h-an fzr -_he 7 t :
Collins, late J. ..anuary A. :__ -

membership), led by the ... reN3to:rce E
of this ballot .;e output o- th.s w5 containing:

1. additional arguments and clarifications to the ex<_s~n _3 issues log for CCGEM;

2. generation of a set of new A..3 ssues "

The identification and ... qg:nc of issu.es wis.....
respects. Basically, the cnen issues were to be sbe '
(without positions o rec•m. endations: as t•e e
comment, This seven-c the purcose of -cla-cn the :ssues ::n
agenda for discussion. 0.fcilay, .t a , r
technical topics cannot be discussed and resC v- "ne
have b,-in put or. the agenda and .re-cir"ul- " -to t-ehe nI -- in reality this rule gets i-gnoered tut-- -he "S 7etaf ie e:,:e rsassumed it would not be and wanted to '. ...~~~ .... W 7:ne.lz*'" :• e.
effic'ently dea7t

"":n addition, the issues were used -o !io !- 7S ---<...
the ISO WG2 meeting. The comnbined issues lzg,
issues and 23 new ANSI issues, was packagAed t sz-e
text and circulated to X31,13 emenrs• "--'
is contained in Appendix 2 to this reCort. -he sa r
rcontained in Appendix 3) were a .... d af -t h .S
XJ ... meeting in Tulsa during the last w-

Processing of issue bailot ests at the a
strategic point for CALS requirements to Le r.e.resente_.
particularly so because the needs of CAL? an sconstituencies iad not been strongly epresent•ed In . .2C w
to date, in the formulation of tescop o
of the initial (ISO) issues set.

U7U
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4.2 Issues Important to CALS i
The following issues are considered important to CA .S ý,the issueslog from which the following discussion is derived can Le uno Iin its entirety in Appendix 2 of this report).

ANSI.6 (Also CGMA2). The resolution of this issue favorably 3
would enable a symbol library capability in CGEM; this has been
identified as a critical CALS requirement.

ANSI.1 This is a conceptual issue with some imocrtant and U
far-reaching implications. Some have suggested that the CE::
should just be a syntactic framework, others that semantics vary
by category. NBS feels the first makes CGM results un.ret-'
table, and the second would complicate conformance checking.

ANSI.4 This olens the way for CGEM to properly support thesegmentation and symbol needs of diverse clients, including .... i
rather than just being limited to GKSM.

ANSI.14 The need for better font definition facilities has teen i
identified for CALS. This is a good idea at some time, tut the
"premature" argument may be compelling because of the newness and i
instability of the work.

ANSI.15 This is very important for opening up add:tional useful
functionality, such as CLOSED FIGURE, that exist in CG0 no-W an=;
were added after development of CGM was frozen. It coul. also 1
open the door to additional useful functionality (splines, !ine
cap, hatch styles, ... ) that are not in CGI but are needed (as
per other NBS studies mentioned above).

ANSI.25 NBS strongly feels that confornance should be handled as
in CGM, by application profiles. 3
ANSI.26 Once again, prooer resolution wi]l free CCE" fr-m the
functional limitations of GKSM and allow it to grow :ntne
direction of CALS needs.

The rest of the issues are of a more detailed technical nature.
Their resolution is important from the standpoint of - goc ,consistent, and usable standard, but they do not have the I
importance to CALS as the above.

One issue with some import for CALS, that did not make it into i
the official issues list, is the nature of the 3D extensions.
CALS needs here are not clear as yet. i

4.3 Processing LB-49 at the Tulsa Meeting

ai
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Copies of all letter ballots and comments were brought t n. e
Tulsa X3H3 meeting, along with a tally and cassifi :.on
comments. A working group of 4-5 worked on ballot results
processing -- two representatives of McDonnell Douglass Corp, one
representative from MagiCorp, and sometimes a represent....ve o3
Peter Bono R. Associates. The NBS representative led tne
subgroup. The goal of the subgroup was to have all issues
closed, i.e., have positions or recommendations on all issues.

First, issues with clear consensus were identified and declared
closed. On issues that were more badly split in the vote tne
subgroup deliberated and came up with recommendaticns from the
majority of the subgroup, to the X3H3 membershio at large. ?
experience showed that these would most like>y be accepted.

On a small handful of "closed" issues and issues with a na'oritv
leaning one way, the subgroup disagreed with the na-cr:.ty.
position and recommended for reversal. It was the subgroupo s
position that the issue was not being properly understood (scme
were badly worded or lacking arguments), or that there were
significant new arguments that recommended against the majorityposition. A couple of these were important to CALS, such as
ANSI.6 (the important capability for a syn.1o libra.ryý.

In summary, the group processed 51 issues. 32 were closed by
clear majority. 19 either did not have a clear consensus, Cr
there were new arguments and the majority position was reversed
in the recommendations.

These recommendations were presented to X3H3.3 for endorsement.
There was some discussion on the important ones, and theSrecommendations were unanimously endorsed. The :;S
representative then presented the reconnendazns to >;:•
plenary, and after some discussion they: were unanincus:-, endorsed
again. This then became the US position for the :3: WG2 -eet••-nat Valbonne.

The following subsections review results that were achievedduring the week in K Lsa that were favorable and i..ortant f.rCALS constituents.

4.3.1 Scope

A number of issues were resolved that broaden the scope of CGEv
beyond the limited scope from the WG2 Egham meeting. T
particular, the US position at the May 1987 WG2 meeting was for
alignment with CGI when possible, so that more diverse client
applications could be supported than would be possible if C ES
were required to bave a 1-to-i relationship with GKSM.

Subsequent subsections detail other important issues of scone,
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I
such as added functionality beyond that needed tz supperz '32'.
The broader scope comes with the proviso, ..wever, tnai ....
adversely impact the schedule of Addendum I. This is a rea1it'.Y
that comes from the impatience of (particular!y ..Eur..pean,
constituents to have GKSM support as soon as possible.

4.3.2 Symbol Libraries I
It was a reversal of a majority position that determined -thiere
should be a symbol library facility in the CGEM. This is the
issue of where segments are defined and from where they are
referenceable. GKSM implies it should only be within a picture
(there is actually no well-defined concept of randomly accessi'Ze
pictures in GKSM, as there is in CGM and CGEM). In the existinI
segment model, segments disappear at END PICTURE. Such a secnent
model cannot be used to support symbol libraries. 1x issue
resolution the US position is that segments should also be
definable in some place like the Metafile Descriptor and then
referenceable from any picture.

4.3.3 Additional Stable CGI Functionality

It was resolved as part of the US position that additional stazbe
functionality from CGI, beyond that required to support
should be adopted into CGEM. This applies to additional output
primitives (e.g., CLOSED FIGURE), primitive attributes, control,
functions, drawing mode, etc.

4.3.4 Additional Drawing Functionality 3
This is the issue of additional functionalitv, needed by CAS but
not yet in CGI or other standards. Such elements as splines,
additional hatch and linetypes, additional attributes (e.g., -ine
join), user definable hatch styles, etc., are included here.
This was not raised and presented as a specific issue in the
balloting, i.e., there was no specific issue on LB-49. But there
was interest among X3H3 and the US delegation. It was agreed
informally by the metafile sub-delegation to look for an
opportunity to advocate for such in CGEM at Valbonne in May.

4.3.5 Fonts and Text

There was an issue about incorporating the superior (to the
CGM/GKS text mcJel) font specification techniques being developed
by SC18. It was voted and recommended not to try to incorporate
such at this time. The proposals themselves are still in
development at this time, and it was not believed to be a good
idea to attach the work before it is stabilized. There is keen 3

10 I
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interest in this work however, and at scme poýn• in :te near
future it may be appropriate to try to inccrporaze ;t into CZE!.

4.3.6 3D Metafiles

Once again there was no specific issue on LB-49 dealing w,:t
what form of 3D support is desirable, needed, or achievable.
There was a position paper circulate by BSI (British Standards
Institute) as a proposal for the Working Draft of Addendum 2.
This was basically exactly the 3D GKSM, copied straight from
GKS-3D. There is considerable uncertainty as to wtat therce off
a 3D metafile is. What need is to be fulfilled? Si-ple 3
primitives? Full viewing? What coordinate system ,n =he 32:
pipeline?

There has been relatively little interest in 3D metafiles in :he
US, or at least among 3D graphics experts. Most of the interest
is from Europe, and most of that because of 3D GKS. fter
presenting the results to X3H3 for endorsement, the 1;BS
representative called for participation in an ad hoc meeting, by
X3H3 members interested in 3D (GKS, PHIGS, .. ) . in a one hour
meeting no consensus could be reached. !t was decided the
position was not to initiate any 3D work at the WG2 meeting, .ut
to respond critically to other proposals and evaluate and choose
the best.

The CALS requirements are not clear here. To provide some
support for IGES-to-CGEM translation, probably a rudimentary 3D
system of any kind would do. That is, a- GKSM-3D or a PH:GS
archive or a more general 3D metafile supporting varied 1D

clients. The simple minded metafile of Annex E of GKS-3D is t:o
specific to GKS and too limited, and that a more general prcposal
should be supported if one were forthcoming.

This is an area where more work is needed on CALS be-eha•'., bot•ht
within ASC X3H3 and within ISO.

5.0 The Valbonne Meeting

The results of the Tulsa meeting became the US positions for t'he
ISO WG2 meeting. The detailed minutes of the metafile subgroup
at the ISO WG2 meeting in Valbonne are contained in Appendix 4 cf
this report. A summary is presented here.

The major activity was the processing of national-body comments
on the Working Draft of CGEM, which was circulated along with the
initial ISO issues log in late 1986 and early 1987. X3H3 had two
ballots on these documents. The first was on the suitability of
the working draft for regi?- -ation as a DP. The comments that
the US submitted during thu ISO Working Draft comment period

11



consisted mainly of an additional 28 new open issues which were U
identified during the processing of the comments on this X3H3
letter ballot. 5
On the second X3H3 letter ballot, each of the open ISO and ANSI
issues was voted. The results were processed at Tulsa to develop
the US position for Valbonne. 3
The CGEM Rapporteur Group (or metafile working group) consisted
of 2 US members, 1 UK delegate, I from France, 3 from Germany, 1
from Italy, and 1 from Japan. This group worked on a number of
major technical areas during the meeting:

1. Scope of Addendum 1: 3
a. incorporation of additional stable functionality from

CGI;
b. incorporation of additional functionality to begin

addressing-the needs of technical illustration and I
publishing;

2. Relationship of CGEM and GKSM -- l-to-l, or is a well
defined and "reasonable" mapping sufficient;

3. Relationship of CGEM and CGI;
4. What segment model should CGEM use;
5. Resolution of all open issues;
6. Scope of Addendum 2 (3D).

5.1 Scope of Addendum 1 I

Everyone agreed that GKSM support was the minimal recuirement of
Addendum 1. It was also generally agreed (UK disscnti.ng, with
the position that CGEM should not be expanding its scope and
generating new work) that the slowness of the standards-making
process made it highly desirable to include additicnal stable
functionality, for support of constituents other than GKSM users,
where such functionality could be identified. This endorsement
of wider scope for Addendum 1 was with the proviso that
consideration of such functionality not slow down the processing I
of Addendum 1.

Specifically, the CGEM group endorsed the inclusion of
"additional stable output functionality of CGI," and the HOD/RAP
(Heads of Delegations and Rapporteurs, a sort of "steering
committee" overseeing the working groups) concurred. 3
Early in the meeting the US added to the agenda consideration of
functionality for better support of user requirements in
technical illustration and publishing (e.g., ODA/ODIF)
applications. This includes such functionality as additional
hatch and patterns, splines, and attributes like line cap, line
join, etc., and such capability as "symbol libraries" or "global
segments." The argument was made that CGM and CGEM were in
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danger of being ignored by certain important constituencies i:
their needs were not addressed.

There was general support in the CGEM group for looking at such
needs during the meeting, both additional drawing controls and a
symbol or segment library capability (UK dissenting again). This
was loosely termed "Addendum 3." With the exception of UK, all
delegations in CGEM placed Addendum 3 at higher priority than
Addendum 2. HOD/RAP advised CGEN, however, to discontinue
consideration -- an ad hoc group of interested parties from
within WG2 should be convened to draw up user requirements, and
perhaps a project could be organized at the next WG2 'SC24'
meeting.

The US metafile experts and NBS feel that th-s is a critical
issue for continued acceptance of CGM/CGEM in the US. To that
end NBS has directed the NBS representative to generate a
proposal for an additional addendum to CGM on user requirements
for metafiles in technical illustration and publishing
applications (see Appendix 7).

The CGEM group decided that a symbol library capability could be
provided with no additional elements beyond those already -einaadded for GKSM support. A proposal was written up and issuesgenerated and resolved by a sub-group led by the INBS

representative. This was unanimously endorsed by OGE, for
inclusion in Addendum 1. A copy of this proposal is in Appendix
5 of this report.

Basically, segments may be defined in the Metafile Descriptor
(these are Global Segments) as well as in picture bodies ('oca;
Segments). Segments defined in the MD may be referenced (via
COPY SEGMENT) from any picture in the metafile. All issues
pertaining to attribute binding, legal operations on Gi'alSegments, etc., were addressed and resolved. Global Seg'nents
should be a valuable tool for the technical illustration
constituency, and this result is in accord with the X3H3 cosition
from Tulsa.

5.2 Relationship of CGEM and GKSM

A major conceptual issue for Addendum 1 was whether CGEM must
have a direct 1-to-1 relationship to GKSM, or whether support
could be more general with a well-defined mapping between CGEM
and GKSM. The resolution of this issue impacts such questions as
whether combined forms of certain separate CGM elements must be
provided (e.g., character height and orientation) -- this was a
major debate at Egham (particularly for AFNOR and DIN). The
relationship also has major bearing on what segmentation model
must be used -- the GKS model or the more generally useful CGIT
model.

* 1
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With basically no debate (even DIN and AFNOR positively agreeing,
which was a positive shift in position since the Egham meeting of
Sept 1986), CGEM unanimously resolved that general and I
well-defined support is adequate and desirable. Addendum 1 will
contain in an annex the mappings between CGEM elements and GKSM
items that must be performed by generators and interpreters. 3
Wherever possible, the functionality of CGI will be used to
support the requirements of GKSM. This will in some cases lead
to a one-to-many mapping between GKSM items and CG:/CGEM I
functions.

5.3 Relationship of CGEM and CGI

Another major conceptual issue is the relationship between CGEM
and CGI. Should every CGEM be generatable (directly or via
mapping) from a CGI? Should only some categories, e.g., GKSM, be
supported? Should CGEM be an audit trail of a CGI? At the
CGEM/CGI liaison meeting there was strong support that GKSM Ishould be generatable through CGI -- there was a vote (almost
unanimous) that CGI should add new functions if such were
required to use CGEM as a GKSM.

Further liaison work during the week resulted in presentation of
the new CGI pipeline model to CGEM (particularly as it pertains
to the segmentation model), presentation of a list of output U
functions of CGI considered stable enough for inclusion in
Addendum 1, and some interchange on CGEM needs for new functions
in CGI.

Following these liaison exchanges, CGEM experts identified the
priority location of CGEM in the CGI pipeline as Just prior tc
segment storage. t

The CGEM group presented to CGI the need for 2 new functions --
UPDATE and MODIFY FONT LIST -- in order to generate a CGEM/GYSM I
through CGI. By the end of the meeting CGI had resolved not to
include such functions at this time -- the relationship between
CGEM and CGI now stands that some metafiles will be generatable
through CGI, but not all. In particular, not all GKSMs will be I
generatable through CGI. CGI will have adequate facilities to
interpret CGEMs, with some mapping required. i
CGEM will adopt most of the functions suggested by CGI. There is
some concern about the stability of some, and the usefulness of
some others in a metafile environment. The stability question isparticularly sensitive, as it is a firm principle that expansion
of the scope of Addendum 1 shall not slow down its progress.

In summary then, the relationship between CGEM and CGI I
14



functionality is "close," but uncoupled in the sense that CZEM
generators cannot necessarily reside below CGI, even in the GKSM
case (because of lack of the 2 functions mentioned).

3 5.4 Segment Model of CGEM

The US presented to CGEM a position paper (by Vanderschel and
Gerety of the US CGI sub-delegation) demonstrating that the CGI
segmentation model was adequate to support GKSM needs. Together
with study and explanation of the new CGI pipeline model,
explicit definition of the mapping between CGI functions and GKS>'
items, and the resolution of the 1-to-i GKSM support issue, it
was unanimously resolved to adopt the CGI segmentation model fcr
CGEM. The UPDATE function of GKS/GKSM must be added, however.

5 In *addition, as mentioned earlier the US position on Global.
Segments (symbol libraries) was accepted and they will be
incorporated into Addendum 1.

5.5 GKSM Item Types

A distinction is made between the "logical items" of a client of
CGEM, such as GKS/GKSM, and the "physical items" which are the
elements of CGEM. The CGEM group felt that it is the
responsibility of the client standard to define logical items and
logical item types, and the responsibility of CGEM to define the
mapping between physical items and logical items. HOD/RAP felt
that this should be done by CGEM Addendum 1 in the case of GKSm,
because of expediency.

Addendum 1 will contain a new annex detailing the mapping between
CGEM elements and GKSM items, and will specify the item types (as
in GKS annex E), and that this new annex will be part of the
standard.I
5.6 Resolution of all Open Issues

5 All open issues, both in the initial ISO issues log and those
generated by national review, were resolved. The US submitted
most of the latter issues, with some also from UK, and a small3 number from France and Germany.

The US delegation was effective here. All the resolutions agree
with the US positions on the issues, as developed at the X3H3
Tulsa meeting, with the following exceptions. (Please note: None
of these exceptions are on issues of major importance.)

1. ANSI.5 -- "What elements may be included in segments?" The
-resolution was alternative 3, "restricted set by category".

* 15
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2. ISO. 12 and ANSI. i1 -- It was resolved that the TEXT FORIT
INDEX element could be used by GKS, with the proper use of the
FONT LIST element and the addition of a new MODIFY FONT LIST
element (which is a picture element). The mechanism should be
explained In the new GKSM annex of Addendum 1. 3
3. ANSI.16 -- "What is result when both SCALING MODE and DEVICE
VIEWPORT appear?" This was basically resolved as per the
preferred position of the US, alternative 1, with the additional I
proviso that when neither element appears in the metafile, the
default viewport has precedence in those metafile categories in
which both elements are allowed. I
4. ISO.4 -- "Should SEGMENT DISPLAY PRIORITY be integer or
real?" This was resolved as per the preferred US position,
integer. However a SEGMENT PRIORITY EXTENT function will be I
included (similar to VDOC EXTENT, COLOR VALUE EXTENT, etc) to
declare the minimum and maximum values (i.e., they are not simply
implicit from the range of representable integers). i

5. ANSI.9 -- "Should the encoding of the METAFILE DEFAULTS
REPLACEMENT element in the Binary Encoding be improved?" After
much discussion, the consensus was that the change: 1) would not I
accomplish what was desired, because generators and interpreters
would still have to honor the old encoding for category 'cgm'
metafiles; and 2) is not really needed. The worst difficulty
with the current encoding is the awkwardness of generating it.
But there is a solution in the current CGM -- a generator can
produce multiple occurrences of the MDR element, and can set one
default with each occurrence, and this is fairly easy to I
generate.

6. ISO.19 -- "How should item types be defined?" As per the 3
above discussion, a standard annex of Addendum 1 will give the
logical item types of GKSM logical items, and these will agree
with the current annex E of GKS.

7. BSI.2.1 -- "What are the dynamic effects of the
REPRESENTATION elements [and of the current COLOR TABLE and
PATTERN TABLE in category GKSM]?" This is a new issue. In I
Addendum 1 the new elements will have dynamic effects, as in GKS.
The existing elements must also have dynamic effects for category
'gksm', but the current CGM states that the dynam.ic effects areunspecified. The GKSM annex of Addendum 1 will be used to
specify the dynamic nature of these two elements.

8. DIN.2.1, DIN.2.2, DIN.2.3 -- These three issues pertain to
how bundled geometric attributes can be made to properly
transform, how CIRCLE and similar elements transform, and how
such attributes as absolute linewidth transform. The CGI
solutions to these issues will be adopted by CGEM, and will be
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explained by the new CGI pipeline model (which CGI presented and
explained to CGEM at Valbonne).

5.7 Scope of Addendum 2 (3D)

I Position papers on 3D were presented by BSI and DIN. The BSI
paper was discussed at Tulsa briefly -- it is basically just the
annex E of GKS-3D. The DIN paper was more ambitious -- it
proposed a 3D metafile for GKS-3D, and for PHIGS, and for general
3D work. This proposal is definitely the more interesting one
when diverse metafile applications such as CALS, IGES-to-CGM,
GKS, etc. are being considered.

There was no clear resolution of the scope question. The
preference seemed to be toward the minimal GKS-3D scope. There
was much concern expressed that Addendum 2 not preclude or
complicate extension to support PHIGS or other 3D constituents in
the future. An interim meeting will prepare a Working Draft for
circulation.

3 5.8 Status and Schedules

For Addendum 1, all open issues were res d and enough of the
drafting work was completed that the document editor will be able
to ha)e the DP text ready in August. The DP text will point
heavily to CGI text, rather than replicating it. The current CGI
text will be used. The next CGI draft would be preferable, but
it will not be available in time for CGEM to meet its schedulefor the first DP of Addendum 1. Where significant technicalchangas to CGI are known, these will be noted.

The CGEM schedule calls for a 3-month DP Registration ballot, and
a 3-month DP ballot, both to be completed by 1 April 1988. This
should allow national bodies to process comments at a domestic
meeting prior to the summer 1988 SC24 meeting (SC21/WG2 is
becoming SC24).

There will be an interim working meeting for Addendum 2, probably
in the UK, probably in November 1987. The purpose is to produce
Working Draft text.

I
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6.0 The NBS/Eurographics Metafiles Workshop

6.1 Background and Objectives

In September 1987 NBS and Eurographics (a professional B
organization for computer graphics, based in Europe) jointly
sponsored a workshop, CGM in the Real World, held at NBS in
Gaithersburg, MD. The results of this workshop will be published
as an edited volume by Springer-Verlag. Participation in the
workshop was by invitation. Attendance included a spectrum of US
and foreign experts, representing industry, academia, the I
standards community, and government. There was much
implementation experience represented, and much awareness of the
benefits and problems of using CGM.

CALS participation in the CGEM effort has generally had positive
results. However, at the Valbonne meeting, ISO WG2 had declined
to deal with extended drawing functionality such as that needed m
by the application areas of technical illustration and technical
publishing. Making CGEM more suitable in these areas is one of
the priority CALS objectives.

An effective strategy for continuing to pursue the addition of
such functionality within ISO would be to first get a strong US
position endorsing such extensions, and submit a detailed draft
of such a position to ISO as a "strawman" proposal as an official
US input document. The NBS workshop presented a good opportunity
to begin formulating such a position. The workshop included many Iexperts in the field, and it also included some key members of
the graphics standards community.

6.2 Results of the Workshop

6.2.1 Presentations

Very preliminary minutes of the workshop are included as Appendix
6 to this report. An attendance list is included. Each attendee
submitted a paper and presented it to the workshop. These are
the papers that will be printed by Springer-Verlag. The
presentations commenced on the morning of the first day and I
continued until the middle of the second day. Group discussion
during and after each paper identified key issues and areas where
further discussion and action are required. 3
The presentations were organized into six topical areas:

1. Performance: performance considerations and issues in using I
CGM;
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2. CALS: the topics of the CALS Application Profile, CGM
extensions for efficient technical drawing and publishing
application, and CGM's role in raster to vector conversion;

3. Testing: testing of the CGM, conformance testing of ODA,gI and NBS graphics conformance testing;

4. Commercial Applications: CGM encodings issues and
presentation graphics requirements;

5. Implementations: implementatations within an academic
environment and a corporate environment.

6.2.2 Evaluation of Issues

The issues generated by the presentations and discussions were
divided into 4 principal categories:

1. Technical Barriers to Interchange Using the current CGM.
I There are a number of problems that were identified that are

presenting barriers to CGM usage. Among these are:

o inability to specify high quality text and kerning
information;

o color to black-and-white mapping;
o lack of settable bundles;I o handling of cell array;
o relationship of CGM elements and GKSM item types;
o lack of specification of physical file format;
o misuse of the VDC Extent element.

2. User Requirements & Needed Future Capabilities. The CGM
does not have sufficient graphical capabilities to efficiently
support some application areas. Application areas considered as
sources of requirements included:

o CALS;
o business graphics;
o computing centers (e.g., large government funded research

labs);
o office systems;
o publishing.

3. Educational Guidelines and Application Profiles. Issues and
topics identified in this area were:

o the need for a CGM bibliography;
o educating raster-to-vector system producers to CGM

opportunities;
o guidance on which encodings to use for what;I O guidance on how to interface CGM and GKS;

19I
I



"o guidance on how to interface CGM and GNS; i
"o need to specify the content of APs as a general

specification;
"o need for public agreement on font meL.ics and

definitions;
"o user guidelines for particular APs;
"o need for maintaining consistency between APs.

4. Testing and Validation. A number of important topics were
identified, including:

"o testing CGM generators;
"o testing CGX interpreters;
"o the role of formal testing; I
"o the role of extended testing;
"o testing mixed content (graphics, raster, text);
" testing for conformance to Application Profiles; I
o testing private encodings;

"o the role of the Control Board for CGM;
"o how to make meaningful conformance statements for CGM.

The worksnop participants split into 4 groups and worked during
the afternoon of the second day identifying and studying problems
and issues. The results were presented and summarized on the I
third (last) day of the workshop.

There is considerable interaction between the major topic areas,
as well as between the specific issues within those areas. The I
most important area for future CALS requirements was clearly the
second, since further work to influence CGEM and inject advanced
capabilities needed by CALS and similar constituents had to start I
with a definition of user requirements. it is in this wcrking
group that the NBS representative participated.

The results of this working group are presented in the table that i
comprises the last two pages of Appendix 7. The table gives the
results in terms of a matrix -- needed extension on one axis and
application area requiring the extension on the other.

This table, and the output of the workshop in general, represent
an important step toward the goal of getting CGM extended to be a
more effective mechanism for CALS drawing and publishing
applications. It is the first time that a user requirements
study has been done for metafiles in such application areas. As
mentioned before, it is a prerequisite and first step to getting I
a proposal for further CGM addendum work into the ISO standards
committees.
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IV. RECOMMENDATIONS AND IMPACTS

The work detailed above formaliy completed the pr..ram of wcr'
for this task for FY87. However, two weeks after t-e wcrks.cp
(the first week of October 1987) there was an ASC X3H3 meetnq in
Lowell, MA. This included a working meeting of X3h3.2, -,..
which metafile work is carried out in the U.S. If CAL.S
requirements for additional drawing functionality are to -ake an.
progress in the ISO arena, then the U.S. must take the lead.
This requires that the U.S. develop and submit a proposal tc 'Sc.

The NBS CGM workshop output represented the basis cf suc a a
proposal. This X3H3 meeting came at a cri:_cl t:e :.n
formulating a new proposal, since there is a .eetIng of .:So'- SCZ4
(formerly SC21/WG2, the ISO graphics standards comm.ttee; r
December 1987, at which such a proposal could be approved.
Missing this meeting would cause at least a 9 month dela'v n
getting a project initiated.

Accordingly, the NBS representative participated with and led a
handful of interested parties in producing a orcocsal fzr t. e
SC24 meeting. The proposal is for an Addendum 3 to CZJX. with a
scope that includes the capabilities required for effec••:•,e
use in technical illustration and publishing. This pr-posa! zs
contained in Appendix 7 to this report.

The writing of this brief proposal is only the first step "f a
successful addendum process. it proposes a fairly agqress:ve,
but realistic, timetable for achieving completion of the
addendum. It is CALS participation in the standards process that
has achieved the progress to date on Addendum 3 (as wel! as the
important results through the Valbonne meeting). if the .:ork, 's
to continue to progress smoothly and rapidly, CALS needs to
continue working actively in the standards makinc process at
least through the DP draft stage of the project, which will ocCur
at the SC24 meeting in summer of 1988.

Recommendation: CALS should continue, without delay or
interruption, to inject its requirements into and prcvide
leadership for the CGM Addendum 3, up to and including t"e SC24
meeting in summer 1988 in Tucson, Arizona.
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V. SUMMARY AND CONCLUSIONS

Before presenting technical positions t, the IS WG2 subgroup
writing the extended metafile, those posicions had to become part m
of the US national position for that meeting. Fcrmulating the !S I
position was the agenda for the metafile experts at the T2,•sa
X3H3 meeting in late April 1987.

Specifically, the metafile experts had to process the results cf i
an X3H3 letter ballot in which X3H3 members voted individua1. y cn
51 ANSI and ISO issues for CGEM. Processing neant csmln_- to
consensus on what position the US metafie sub-delegation sncuhi I
support at the next ISO WG2 working meeting ,May 87,.

In a working group led by the NBS representative, all open issues
were resolved (positions taken). These recommendatlons were
endorsed by X3H3 and became the US position for the WG2 meeting.
Among the issues were several that were important for the CALS
community. Without exception these issues were resolved for the i
alternatives that met the CALS requirements.

On an important general issue of the scope of the CGEM it was
resolved that the scope of Addendum 1 (and other addenda) shouldI
be broadened beyond the limited scope that was current in the :S5
WG2 CGEM project. Related to this was the decision to adopt the
CGI segmentation model, to include additional stable U
functionality of CGI, and to not be constrained to a 1-to-K.
relationship between CGEM and GKSM.

It was resolved to support some sort of symbol -ibrary facili-.I
This is a facility that is very much needed and useful in CAZ
environments, and this was an important result. There was keen
interest in better font specification work, but the decision Was
that the proposals should stabilize some before serious
consideration for inclusion in CGEM. CALS does need better text
facilities. Finally, the decision was taken to adopt a passive I
posture on 3D. This means basically reacting to and responding
to other proposals, of which the first (from the UK) was in hand
at the Tulsa meeting. 3
These were the major US positions taken into the :sc ;;o2 meeting.
The results of a week of work by ISO meta'lle experts were
favorable on most, but not on all. In general, there was i
considerable consensus on all of the important CADS issues,
particularly between the US, Germany, and France. There was some
support on many from the UK as well, but the 7' d;J --:cse some
other important ones (such as richer drawing controls to support
technical publishing).

On the important topic of broadening the scope of the CGEM so
that it serves a broader clientele, the US position was accepted.
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This conceptual resolution was the prerequ-sIte f:r Jeaitcnq ;

specific functionality, such as synbo 2 1-rares d r'.
controls, CGI functionality, etc.

On the issue of a symbol library facility the US pos-t.cn ';a3
accepted. A small task group drafted the proposal and presentedd
it to the metafile subgroup. It introduced no new CGM elements,
but defined the semantics and a syntax of existing elements to
achieve the functionality; this was probably key in diverting any
opposition to the proposal.

The issue of inclusion of additional stable CGI f.ncti. a! "t was
resolved as per the US position. The OP draft cf cZEM. wn_:n Is
now in preparation will include a number- .f .. .es,
attributes, and controls from CGI.

The issue of additional functionality needed to support technical
illustration and publication quality graphics was resclved
against the US position. This is unfortunate, because all
delegations with the exception of one all agreed with the US and
placed such extensions at higher priority than 3D. That
delegation (UK) apparently prevailed on procedural grounds at the
"steering committee" level.

Finally, there was no definite resolution on 3D. It appears that
the UK proposal, which is basically just GKS-3D Annex E, has the
momentum. There was a more interesting and general proposal froc
Germany. Although CALS and other needs in 3D are not yet
completely clear, it appears that the German proposal would be
the wiser choice, allowing more options and wider clientele In
the future.

Overall, the results were good for CALS and simil.r ccrsti:uents
in the US graphics community. On the topics of expanded d.raw.n"
capability and control, and 3D, more work is needed.

The groundwork for an additional CG:M addendum (Appendix 7` was
laid in the form of a user requirements specification that was
produced, with NBS direction, at the "CGM in the Real World"
workshop sponsored by NBS in September 1987. This was injected
into the ASC X3H3 meeting in early October 1987, resulting ;n a
US position for the next ISO meeting that proposes ansther
addendum to CGM. An opportunity now exists for CALS to achieve
those objectives that were not met through the Valbonne meeting.
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Page X

Sub-clause 0.1: Add the ;ollowing at t•e end cftne s=-e z se:

This picture descrpt-4on Lncludes s:atic Lzages and sessizn :apt.:e
requirements.

Page X

Sub-clause 0.3: Add the following at the end of item ::

It should also not preclude further exten=sons to support future standards.

Page X

Sub-clause 0.3: Add the following at :he end of ;tez d':

It should include the capabili1ty to support toth _,S pcvure and sessizn
requirements.

Page X

Sub-clause 0.8: Add the following at the end of the first paragra;n:

The extended Cai also specifies the elements required tosupr ..
sess:on capture.

?age X

Clause 1: Add the following at the end of the firs: paragr apn:

-his picture descrip:ton includes static £_age and sessicn zapture
requirements.

L Page X

Clause i: Add the following at the end of the second paragra;F:

The extended CCX also contains elements that delim=t and manip;ulate •rzus
of elements within pictures. Capabillty is provided for segment s:rzz:.zre
and dynamic picture regenerstaon such as is required for sessi:n zaoture.

Page X

Sub-clause 4.1: Add the followinc at the end of the list of :1asses :f
elements:

- Segment Elements, which enable the manipulation and appearance o.
elements within pictures

I
F
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I
Page X

Sub-clause 4.1: Add the following after t•.e vhird pargap-n:

Graphical output primitives and attr--,ýtes may be grouped zn segenets.
Segment attribute elements control the appeazrance of segments. I
Page X

Sub-clause 4.2: Add the following at the end of the sub-clause:

Groups of elements within pictures. called segments. are deli.ited by
BEGIN SEGMENT and END SEGMENT. Each segment is uniquely .dentif.ed by a
segment identifier.

Page X

Sub-clause 4.3: Add the following immediately above 4.3.1:

Each metafile falls into a particular metaftile category. The meafile .
category may be announced at the start of the :etafile. This 3nformat-.on
may be used by the interpreter to decide if the 2etaflle can te
interpreted. The default metafile category is of the type *cg:' as def:ned
by IS 8632. The category implies that the metafile conforms to tne
semantics and formal grammar of that category. The metafille zategcr:.es may I
overlap. The category does not imply particular default set::ngs; =tese
must be explicitly stated via the METAFILE DEFAULTS REPLAC=.!L-E ealemen:.t

Page X

Sub-clause 4.3.2.1: Add the following to the end of the 1i-st cf
elements included in the drawing set: I

BEGIN SEGMENT
ED SEGMENT
METAFILE CATEGORY
VDC NCRMALIZATION
DEVICE VIZVPORT
SET DEF7UAL STASEE
CLEAR

P 0DATE
TEXT FONT AND PRECISION
CF!ARACT7 VECTORSPICK IDENTIFIER
LINE RPRESENTATICN
MARKER REPRES ENTATION
TEXT REPREENTATION
FILL REPRESENTATION
EDGE REPRESENTATION
RENAME SEGMENT
DELETE SEGMENT
REDRAW ALL SEGMENTS
SEGMENT TRANSFORM
SEGMENT VISIBILITY
SEGMENT HIGHLIGHTING
SEG4ENT DISPLAY PRICR17fr
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SEG-LNT DETECTABILITY

Page X

Add the following sub-clauses after sub-clause 4.3-2.2:

4.3.2.3 GXSMO Sot

The GXSMO set includes all elements conforming to CXS gevel Ca in :S 7942.

The elements included in the GKMO set are:

BEGIN XETAFILE
MW METAFILE
BELGN PICTtYRE
BEGIN PICTtTRE BODY
END PICTUJRE
BEGIN SEGMENT
END SEa4LE
METAFILE VERSION
METAFILE DESCRIPTION
VDC TYPE
INTEGER PRECISION
REAL PRECISION
INDEX PRECISION
COLOUR PRECSOCN
COLOUR INDEX PREC:S:CN
MAXIMUM CCLOUR INDEX
MEETAFILE ELF-r'T L'rST
METAFILE DEFAULTS REPLAC-M•r.
FONT LIST
CHARACTE SET LIST
CHARACTER CODING ANNCUtCER
VC EXT4ET
BACKGROULND COLOUR
VDC NORNALIZATICN
VDC ISGER PREC:SICN
VDC REAL PREC:S:CN
CL:? RECT.ANGLE
CLA•kR WORKSTAT0CN
UPDAT- WCRKSTAT:'CN
SET DEFERRAL MCCE
DEVICE VIE=?CRT
POLYLINE
POL'zNARlKZ
TEXT
POLYGON
CELL ARRAY
GDP
LINE BUNDLE INDEX
LINE TYPE
LINE WIDTH
LINE COLOUR
MARKER BLNDLE INDEX
MARKER TYPE
MARKER SIlZ
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MIARKER COLOUR
TEXT BUNDLE INDEX
TEXT FONT AND PRECISICN
CHARACTER EXANSICN FACT~CR
CHARCTER SPAC ING
TEXT COLOUR
CHLARACTER VECTORS
TEXT PATHI
TEXT ALIG?4NTLr
FILL BUNDLE INDEX
LNTERIOR STYLEI
FILL COLOUR
HATCH INDEX
PA'TTEN INDEX
FILL REFERENCE POINTI

PA!TTEN SIZE
COLOUR TABLE
ASPECT SOURCE FLAGS

ESCAPE
M4ESSAGE
APPLICATION DATA

4.3.2.4 GXSM Set3

'lie G2CSM set includes all elements conforming to GKS :'S 7942.

.he elements included in the GXSM set are:3

BEGIN METrAFIL-Q
END METAFILE
BEGIN PICTLIRE
BEGIN PICTURAE BODYI
END PICTUR1E
BEGIN SEGMENT
END SEGMENT
MIETAFILE VERSION
METAFILE DEScRIT cN
VDC TYPE
INTEGER PREC:S:D0N
REAL ?RECTSICN
INDEX PRECsICN1
COLOUR PRECI7SIONI
COLOUR INDEX PRECISION
M,=IMUM COLOUR INDEX
METAFILE ~ELEENT LIST
METAFILE DEFATUtTS RPAC~EMNT
FONT LIST
CHARACTER SET LIST
CHARACTER CODING ANNOLNCER

VCEXTENTI
BACKGROUND COLOUR
VDC NORMALIZATION
VDC I.NTEGER PRECISIONU
VDC REAL PRECISION
CLIP RECTANGLE
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CLEAR WORKSTATION
UPDATE WORKSTATION
SET DEFERRAL MODE
DEVICE VIEWPORT
RENAME SEG-MENT
DELETE SEGMENT
REDRAW ALL SEGMITS
POLYLIN'E
POLYMARKERITX
POLYGON
CELL ARRAY
GDP
LINE BUNDLE INDEX
LINE TYPE
LINrE WIDTH

I LINE COLOUR

MARKER BUNDLE INDEX
MARKER TYPE
MARKER SIZE
MARKER COLOUR
TEXT BUNDLE INDEX
TEXT FONT AND PRECISION
CHARACTER EXPANSION FACTOR
CHARACTER SPACING
TEXT COLOUR
CHARACTEIR VECTORS

TEXT PATH
TEXT ALIGNM iT
FILL B0DLE INDEX
LNTERIOR STYLE
FILL COLOUR
HATCH INDEX
PATTERN INDEX
FILL REEFERENCE POINT
PATERN TABLE
PATTERN SIZE
COLOURN TABLE
.ASPECT SOURCE FLAGS
PICK IDENTIFIER
LINE REPRESENTAT:CN
MARKER REPRESENT-rA:TCN
TEXT REPRESENTATION
FILL REPRESENTATION
SEGMENT TRANSFORM
SEGMENT VISIBILITY
SEGMENT HIGHLIGHTING
SEGMENT DISPLAY PRIORITY
SEGMENT DETECTABILITY
ESCAPE
MESSAGE
APPLICATION DATA
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Page X

Add the following sub-clause after sub-clause 4.3.3: z

4.3.4 VDC Normalization

VDC NORMALUZATION defines a mapping of a subspace of the VDC range with tne
normalized coordinate space of a target graphics system.

Page X 1
Add the following sub-clause after sub-clause 4.5.2:

4.5.3 Device Control 5
The extended COM may contain information for the interpreter to use .n
controlling the output of the graphical information stored in the =etafJe. 3
DEFERAL STATE allows the storing on the metafile of information relatlng
to the control of buffering and deferred actions of a graphics system.
Deferral state controls the possible delaying of output functions: for
example, data sent to a device may be buffered to optimize data transfer.
The values of deferral state (in increasing order of delay) are:

a) ASAP: The visual effect of each function will be achieved As Soon As
Possible (ASAP).

b) BNIG: The visual effect of each function will be achieved Before :he
Next Interaction Globally (SNIG), i.e. before the next I
interaction with a logical input device gets underway.

c) BNIL: The visual effect of each function will be achieved Before thze
Next Interaction Locally (BNIL). I

d) ASTI: The visual effect of each function will be achieved At Sce
Time (ASTI). I

An implicit regeneration is equivalent to an invocation of the func':cn
REDRAW ALL SEGMENTS. Its possible delay is controlled by the impic_:
regeneration mode. The values of implicit regeneration mode are:

a) SUMPRESSED Implicit regeneraticn of the picture is suppressed uz.:_.
it is explicitly requested.

b) ALLOW7ED: Implicit regeneration of the picture is allowed.

Deferred actions can be made visible at any time by the use of the -PZA7- I
function or by an appropriate change of the deferral state.

The CLEAR element gives the capability for clearing the display sureace. I
The precise meaning of this element is interpreter dependent. Some
indication of the expected meaning for this element may be gauged from the
METAFILE CATEGORY element. 3
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Page X

In table 1, column "May Be Bundled", add the following at the e, -:

TEXT FONT AND ?RECTSICN

Page X

Sub-clause 4.7: Add the following immediately above sub-clause 4.7.1:

I The attribute elements LINE REPRES0TATCON, MARKER RERESE•NrATAON. F
REPRESENTATION. EDGE REPRESENTATION and TEXT REPRESENTATION are ,sed to

I set all of the attribute values in a bundle table entry at the same time.

Page X

In table 2. column "Aspects" add the following at the end of the llst
of the "TEXT" bundle.

I Page XTEXT FONT AND PRECISION

Sub-clause 4.7.3: Add the following ar the end of the sub-clause:

f. TEXT FONT AND PRECISION determines the style of the graphical display
of text characters and the fidelity with which characters need -o .ej displayed and positioned.

Page X

Sub-clause 4.7.6: Add the following in the first paragraph after -he
first sentence:

The TEXT FONT AND PRECISION and CFAPLACTIS VECTORS elements may also conr::rc
the representation and placement of text characters.

Page X

Sub-clause 4.7.6: Add the following in the first paragraph a:te.r :-e
second sentence:

l The placement and orientation of text strings may also be controlled ty the

"CIARAC'-R VECTORS element.

I Page X

Sub-clause 4.7.6. Add the following at the end of the first paragraph:

I The rendering may also depend on the value set by the TEXT FOCN A'D
PRECISION element.

8
I
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Page X

Sub-clause 4.7.6: Add t-.e following rparagrapn afts e 3ne
paragraph in t•is sub-c&Lase:t

Son* of the text atri~butts say 'Ie sp~c.f~.d in to !.Mss. The r'-tvý
precision aspects say either to Specified by the t"Wo eesent* :x I"i•DE:X and IM P.EC:FCS:ON or by t.e si-ngle **",n 'V Y,&-

CHRAMC'M 0RILNTATICN or by the suingle *Ileaent CMARACTU VtCTCP$.S
Page X I

Sub-clause 4.7.6: Add *he following at the end of t•e f:tft: ;ar'sgr-p-
after the sentence eanding ....... 4etaft.e "scrp..r *..#..nt ..

.or the extended aeotafie th-is runc...cnaL.. y zwn also t•e ac!ýe;.ed w .. e
single element •T? F-CN7 AND PREC:S::N.

?Pge X

Sub-claus e4.7.6: ' dd the following after the seven-th sentence o-,f t.'
sixt, paragraph. after t:%@ sentence wf-Lh e*nds: . I
font (so* f Igure 3) . "

For the extended =e*atafie th-.s f Lana- . . t :a.n a.lso •e t# ce'v-e•d %.a re
leng;~h of the ý; vetr -of CARAC-~t. xZER

Sub-t.ause 4.7.6: Add :.e following at the end of -.! j*s.h
paragrspn. after tne sentence ending: ......... as a f 'actian :f -,ne
CHARAL-MM HF G ." : a

-- r the extended metaf~ie the hei;nt can also Ie der-'.ed f:T: the etIezen*

?:ge X( I

Sub-:.'ause "6: Add ::e arag-.-ap after t.e end .f .,
seventh ;arsgraph. s t the sentence wticn ends: e
ratio of tznei~r lengths are sinf.-Cant."

7%e generation and interpretation of C'kA.A• Cs S"Z.."r t:: the
•eneration and "nter-pretati.on of CY.ARA ' HE: 7F7 and :M.Ac A,-
SR=-"AThCN. However. *the properly sized vectors whicn are gtven "o the
2etafile generator are used directly to Ceneriete the CHARACi VE77IFS
element. in addition, t~he absolute lengths of the vectors of the e
CCHARAT VEC.CRS element are significant to the In terpreter-t-he lenigth -f
the up vector Cg.ves the text height.

N
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Page X

Sub-clause 4.7,6: Add the following i-n -.he tenth perWag pn after tne
first sentence which ends: . of :he up vector or ' : •.

The up vector of t•ne CHARAC'M VEC, may also give vhIs informat:-cn r.
the extended aetafile.

Page X

Sub-clause 4.7.6: Add the follo-wing in the twenty th•rd paraugrnst
after the first sentence which reads: ',( PRECIS'SN•-s ....... and
the clipping currently applicable.".

This may also be specified by the precision part of .he M<7 F:.

RCISION element for Vie extended aeaft.1e.

Page X

Add the following sub-clause after sub-clause 4.::

4.12 Segment Elements

Zn the C04. graphical output primitives and attr:bute setting elezents =ay
be grouped in segments as wel! as being .nvoked outside segments. Za~n
segment is identified by a unique segment ident;tfler. Segments =ay te:

a. transformed;

b. made visible or inv;s:r..e:

c. highlighted;

d. ordered front to back:

e. made detectable or undetectab:=;

f. deleted:

Cnry functions stored inside segments are af'fected by these opera:;.:ns.

Segments are the units for manipulation and change. Manzipulation ;.nc_..es
creation, deletion and renaming. Change includes transforming a segment.
making a segment visible or invisible, highlighting a segment. and
changing the order of overlapping segments.

The appearance of segments is controlled by segment attributes. wn-zh
include segment transformation. visibility. highlighting, and segment
display priority. Sucn segment attributes can be a basis for feedback
during manipulations (for example, highlIghting). The pick input
properties of segments are a - controlled by segment attributes, .h Ch
include detectability and picN, priority.

The segment elements are:
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a
RV4,E SEGMENT
DELETE SEC•0ET
REDRAW ALL SEGMENTS
SECMENT TRANSFORM
SEGNMT VISIBILITY
SEGMENT HIGMUCHL TI.G
SEGMENT DISPLAY PRIORITY
SEGMENT DETECTABILITY

Page X I
Add the following to Figure 12:

figure 12 modifications to add segments I
!
I

Page X

Sub-clause 5.1: Add the following after the ninth paragraph wri.clh
starts with the sentence: "The External Elements ....... I

The Segment Elements (described in sub-clause' 5.10) provide for the
grouping and manipulation of elements. I
Page X

Sub-clause 5.1: Add the following at the end of the table -f 1
abbreviations of data type names:

N Name Identifier of type Integer 3
DP Device A point expressed in a coordinate system that

Point is device dependent. DP units are metres or
other appropriate device u.nits. I

Page X

Add the following sub-clauses after sub-clause 5.2.5: £
5.2.6 BEGIN SEGMENT 1

Parameters:

Segment Identifier (I) 3
Nov 86 10 ISO/TC977SC2lN•403/Part j
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Description:
This is the first element of a segment. All subselent
elements until the next END SFGMECr. wi.ll be collected -nt::::
segment.

5.2.7 VD SEGM=•T

Parameters:

None

Description:

Subsequent elements will no longer be part of a segren:.

Page X

Sub-clause 5.3.11: Add the following shorthand names at the end z;"
the list given in the third paragraph of the "Description":

GKSM
GKSMO
CaMEXTI

Page X

Add the following sub-clauses after sub-clause 5.3.15:

5.3.16 METAFTLE CATEGORY

Parameters:

category (one of: cgm. gks=O. gksm, cgmextl) (E)

Description:
This function sets the metafile category to the tye ind4-ateJ
by the parameter.

5.3.17 VDC NORMALIZATION

Parameters:

low value (VDC)
high value (VDC)

Description:
The parameters define a mapping of a sub-space oe :-e '."-C r-age
defined by (low.low) and (high.high) and the vrtual z:ord4Late
space of a graphics system, e.g. NDC. such that the -. cw.!cw
corner is equivalent to the lower left corner of NDC, and the
(high.high) corner with the upper right corner of NDC. The 1l.=
value is less than the high value.
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a

Add the following sub-clauses after sub-clause 5.5.6:

5.5.7 DEVICE VIEWPORT I
Parameters:

first corner (DP) I
second corner (OP)

Description: 1
The two parameters define the opposite corners of a rectang'l.ar
viewport on the device's display surface. I

5.5.8 DEFERR.L STATE

Parameters:

deferral mode (one of: asap. bnig. bnil. asti) (E)
implicit regeneration mode (one of: suppressed. allowed) (_r)

Description:
Deferral mode controls the possible delaying of output
functions: for example, data sent to a device zay be buffered
to optimize data transfer. The values of deferral =ode ,-n
increasing order of delay) are:

a) ASAP: The visual effect of each function will be achieved 1
As Soon As Possible (ASAP).

b) BNIG: The visual effect of each function will- be achieved
Before the Next Interaction Globally (BNIG} .. e.
before the next interaction with a logical i;ut
device gets underway.

c) BNIL: The visual effect of each function will be achieved 1
Before the Next Interaction Locally (NIL).

d) ASTI: the visual effect of each function will be achieved 1
At Some Time (ASTI).

An implicit regeneration is equivalent to an invocation of the func:t.on
REDRAW ALL SEGMENTS. Its possible delay is controlled by the implicit I
regeneration mode. The values of implicit regeneration mode are:

a) SUPPRESSED: Implicit regeneration of the picture is 1
suppressed until it is explicitly requested.

b) ALLOWED: Implicit regeneration of the picture is
allowed. U

I
Nov 86 12 ISO/TC97iSC2l,140/?~!art 1

I



3.5.9 CLEAR

Parameters:

Control Flag (one of: cond4tionally, always) IE)

Description:
This element gives the capability for clear:ng t:e tspiay
surface on interpretation. The precise meaning of ,his elemenl:
is dependent on the environment within which the metafile .s
being interpreted.

5.5.10 UPDATE

Parameters:

update regeneration flag (one of: perform, postpone) (E)

Description:
This element indicates that the interpreter should make
deferred actions visible. The meaning of the parameter .s
interpreter dependent.

Page X

Subclause 5.6.4: Add the following at the end of the second ;aragr:.-_
of the "Description":

For the extended metafile the character height and orientation may te
derived from the CHARACTER VECTORS element.

Page X

Sub-clause 5.6.4: Add the following at the end of the third paragra-;'.
of the "Description":

For the extended metafile the CML•{A •M 'JECTCRS and 7EXT7--T N' A;D ?AE";):
=ay also be changed within a string.

Page X

Sub-clause 5.6.3: Add the following at the end of the third parsgrapFý*
of the "Description":

For the extended metafile the character height and orientation may *e
derived from the CWARACTER VECTORS element.
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Page X I
Sub-clause 5.6.5: Add the fo2lowing a-t th.e end of t!he fotur: 3
paragraph of the "Oescripteon".

For the extended metafile the orientation may be obtained from the ta.se
vector component of the CHARACTER VECTORS element and the height from :%e
up vector of the CHARACTER VECTORS element.

Page X I
Sub-clause 5.6.5: Add the following in the fifth paragraph of the I"Description" after the second sentence which ends: -........ to [
achieve the required restriction.":

For the extended metafile the values of the text at:r.buteas M-RAC-•-z-
VECTORS and TEXT FONT AND PRECISION may also be varied.

Page X 3
Sub-clause 5.6.5: Add the following at the end of the sixth paragraph
of the "Description": 3

For the extended metafile the CHARACi VECTORS and TEXT FONT AND PREC:5:ON:
may also be varied within a string.

Page X

Sub-clause 5.6.6: Add the following at the end of the second 3
paragraph of the "Description":

For the extended metafile the orientation may be obtazned from the ease
vector component of the CHARACTER VECTORS element and the height fro== I
up vector of the CHARACTER VECTORS element.

Page X I
Sub-clause 5.6.6: Add the following at the end of the third paraýKraph I
of the "Description".

For the extended metafile the values of the text attributes CRP.ACT7E
VECTORS and TEXT FONT AND PRECISION may also be varied. 3

I
I

I
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Page X

Sub-clause 5.7.J: Add the following in the first paragraph of -he
"Description" after the second paragraph which ends: ".

attributes are set to 'bundled'.":

For the extended metafile the values of TEXT FONT AND PRECISION are :acen
from the corresponding components of the indexed bundle if the ASFs for the
attributes are set to 'bundled'.

Page X

Sub-clause 5.7,12: Add the following sentence to the NOTE after the
second sentence which ends: .......... by the CHARACTER EXPANS:CN
FACTOR.":

For the extended metafile the character height may be obta.ined from the utp
component of the CHARACTER VECTORS element.

Page X

Sub-clause 5.7.13: Add the following in the fourth paragraph of the
"Description" after the second sentence which ends: ........ of :-e
current CHARACTER HEICHT attribute.":

For the extended metafile the character height may be obtained from the up
component of the CHARACTER VECTORS element.

Page X

Sub-clause 5.7.35: Add the following to the list of ASF types:

text font and precision ASF

Page X

Add the following sub-clauses after sub-clause 5.7.35:

5.5.36 TEXT FONT AND PRECISION

Parameters:

text font (I)
precision (one of: string, char. stroke) (E)

Description:
The text font and precision is set to the value specified by
the parameter. When the TEXT FONT A.ND PRECISION ASF is
'individual' subsequent text elements are displayed with this
text font and precision. When the TEXT FCNT AND PRECISION ASF
is 'bundled'. this element does not affect the display cf
subsequent text elements until the ASF returns to 'Individual'.
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5.7.37 CH{ARACTER~ VECTORS

Parameters:

x character height component (VDC)I
y character height component (VDC)
x character width component (VDC)
y character width component (VDC) I

Description:
The two vectors define orientation, hei.ght. width and skew of
the character body of subsequent text elements. For *•e I
purposes of alignment and path. 'up' is the direction of :te
character height vector and 'right' is in the d-4rect*cn of ".e
character width vector.

Valid values of the vectors include any which have non-zero
length, and do not have the same direction, and do not have
opposite direcctions.

5.7.38 PICK IDENTIFIER 3
Parameters:

pick identifier (N) 3
Description:

The pick ident-fler is associated wit.h all of the grajpzz:a2.
primitive elements of a segment until the next ?-X ::X -•F?-- £
element.

With pick input, a structure is returned consisting of :he
picked segment identifier and a pick ident--fier-. This P: I(
identifier represents the graphIcal elements tha: -ere
associated with it during creation of the segment. .This :pik
structure is returned only if the picked segment :s :c:n c
VIS:BLE and DE"MECTABLE. Tlhe default pick ildentif-'er -szero.

5.7.39 LINE REPRESENTATION 1
Parameters:

line bundle index ('X)
line type indicator (1X)
line width specifier, either

absolute line width (VDC)
or

line width scale factor (R)
line colour specifier. either

line colour index (CL)
or

line colour value (CD) 1
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Description:
In the line bundle table. the given l.ne bundle index is
associated with the specif;c parameters.

Line type is specified and behaves as indicated ;.n the ..:NE
TYPE attribute function.

Line width is defined in the current LINE WIDTH SPECF.CA. CN
MODE and is stored in the bundle table along with that mode.
Thus. the definition is immune to subsequent changes to the
selection mode.

The line bundle table has predefined entries. Each entry
renders a distinct appearance from other predefined entc.-.es.
Any table entry (including the predefined entries, may be
redefined with this function. RedefLning a table entry or
adding a new *table entry may eliminate the ability to render a
distinct appearance from other table entries.

When line functions are displayed the line bundle index refers
to an entry in the line bundle table.

Which aspects in the entry are used depends upon the setting of
the corresponding ASFs. see the ASPECT SOURCE FLAGS func:;on.

5.7.40 MARKER REPRESENITATION

Parameters:

marker bundle index (IX)
marker type indicator (IX)
marker size specifier, either

absolute marker size (VDC)
or

marker size scale factor (R)
marker colour specifier, either

marker colour index (CI)
or

marker colour value (CD)

Description:
In the marker bundle table, the given marker bundle index is
associated with the specified parameters.

Marker type is specified and behaves as indicated in the Y.ARX-
TYPE attribute function.

Marker size is defined in the current MARKER SIZE SPECIF:CAT:0N
MODE and is stored in the bundle table along with that mode.
Thus, the definition is immune to subsequent changes to the
specification mode.

Marker colour is defined in the current COLOLR SELECTON MCDE,
and is stored in the bundle table along with that mode. Thus
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the definition is immune to subsequent changes to the se'ectcn I
mode.

The marker bundle table has predefined entr,.es. £achi en':ry7
renders a distinct appearance from other predefined en-rzes.
Any table entry (including the predefined ent:res' may te
redefined with this function. Redefining a :able en•r-y •r

adding a new table entry may eliminate the ability to render a 1
distinct appearance from other table entries.

When polymarkers are displayed the marker bundle index refers l
to an entry in the marker bundle table.

Which aspects in the ent-y are used depends upon the setting of
the corresponding ASFs, see the ASPECT SOURCE FLAGS function. I

5.7.41 TEXT REPRESENTATION 3
Parameters:

text bundle index (IX) 3
text font index •IX)
text precision (one of: string, character, stroke) (E)
character expansion factor (R)
character spacing (R)
text colour specifier, either

text colour index (CI) 3
or

text colour value (CD)

Description:In the text bundle table. the given text bundle index Is
associated with the specified parameters.

Text font index is specified and behaves as indicated in the
TEXT FONT INDEX attribute function.

Text precision is specified and behaves as indicated in the
=1 PRECISION attribute function. I

Character expansion factor is specified and behaves as
indicated in the CHARACTE EXPA.NSION FACTOR attribute function. II
Character spacing is specified and behaves as indicated in the
CHARACTER SPACING attribute function. I
Text colour is defined in the current COtL.OR SELECTION MOZE.
and is stored in the bundle table along with that mode. Thus.
the definition is immune to subsequent changes to the selection
mode.

The text bundle table has predefined entries. Each entry
renders a distinct appearance from other predefined entries. I
Any table entry (including the predefined entries) may be

redefined with this function. Redefining a table entry or

N
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adding a new table entry may eliminate the ability to render a
distinct appearance from other table entries.

When text is displayed the text bundle index refers to an entry
in the text bundle table.

Which asypzcts in the entry are used depends upon the setting of
the corresponding ASFs. see the ASPECT SOLRCE FLAGS function.

5.7.42 FILL REPRESENTATION

Parameters:

fill area bundle index (IX)
interior style (one of: hollow, solid. pattern.hatch, empty•(E)
fill colour specifier, either

fill colour index (CI)
or

fill colour value (CD)
hatch index (IX)
pattern index (IX)

Description:
In the fill bundle table, the given fill bundle index is
associated with the specified parameters.

Interior style is specified and behaves as indicated in -he
INIEICR STYLE attribute function.

Hatch index indicator is specified and behaves as indicated in
t1he HATCH INDEX attribute function.

Pattern index indicator is specified and behaves as indicated
in the PATTEMN NDMEX attribute function.

Fill colour is defined in the current COLOUR SELECT4CN MCZE.
and is stored in the bundle table along with that mode. Thus.
the definition is immune to subsequent changes to the selecti:n
mode.

The fill bundle table has predefined entries. Each en:-'y
renders a distinct appearance from other predefined entries.
Any table entry (including predefined entries) may be redefined
with this function. Redefining a table entry or adding a new
table entry may eliminate the ability to render a distinct
appearance from other table entries.

When fill areas are displayed the fill bundle index refers to
an entry in the fill bundle table.

Which aspects in the entry are used depends upon the setting of
the corresponding ASFs, see the ASPECT SOURCE FLAGS function.
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1
5.7.43 EDGE REPRESENTATION

Parameters: 5
edge bundle index (IX)
edge type indicator (IX)
edge width specifier, either

absolute edge width (VDC)or
edge width scale factor (R)

edge colour specifier, either
edge colour index (CI)or
edge colour value (CO)

Description:
in the edge bundle table, the given edge bundle i4ndex -s
associated with the specified parameters.

Edge type is specified and behaves as indicated in the EC1
TYPE attribute function.

Edge width is defined in the current EDGE WIDTH SPECF:F:CAT::N
MODE and is stored in the bundle table along with that mode.
Thus, the definition is immune to subsequent changes to the I
specification mode.

Edge colour is defined in the current COLOUR SELECTLCN ",C'E and 3
is stored in the bundle table along with that mode. T.hus, t".e
definition is immune to subsequent changes to the selectzon
mode. 3
The edge bundle table has predefined entries. Each entry
renders a distinct appearance from other predeflned entries.
Any table entry (including predefined entries) may be redefined I
with this function. Redefining a table entry or adding a new
table entry may eliminate the ability to render a d4s:tnct
appearance from other table entries. 3
When fill areas are displayed the edge bundle index refers t:
an entry in the edge bundle table.

Which aspects in the entry are used depends upon the se:t:ng :f U
the corresponding ASFs, see the ASPECT SOURCE FILAGS function.

?Pge X

Add the following sub-clause after sub-clause 5.9: 3
5.10 Segment Elements

5.10.1 RENAME SEGMENT 1

Parameters:

I
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old segment identifier (1)
new segment identifier (i)

Description:
An existing segment is associated w.th a new segm-en:
identifier.

5.10,2 DELETE SEGMENT
Parameter's:

segment identifier (1)

Description:
The identified segment is deleted.

NOTE - The segment identifier may appear in a subsequent 2_E:IN
SEGME'1NT element.

5.1.0.3 REDRAW ALL SEGMENTS

Parameters:

None

Description:
This function is intended to result in a redraw of all defzned
segments. However, if a segment's visibility at:riut:e -.
INVISIBLE, that segment is not drawn. Segments of hig'er
display priority should always appear to cover over app:ng
segments of lower display priority.

5.10.4 SEGMENT TRANSFORM

Parameters:

segment identifier (Z)
transfor, at-on matrix (4R 2VDC)

Description:
The matrix is stored in the identified segment as a seg-nen:
attribute. The segment transform replaces the old segm-ent
transform. There is no accumuiaticn of matrices.

'When a segment is displayed, the segment transform is applied
to all reference points in VDC space with the following matrýx

ýYl','M21 M22 M23: !1:

where X an Y is the original coordinate pair and X' and a
the new coordinate pair.
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rheference segmnts foran~ "tt.st pre eitiv aretx :he
..epurt parazo~ter say s;f et ~ :ntn segmer a -e~ertnce

1,e eful egen tr t~or cis~g t:te deta..ty stor: tf t 7herI

Segment en.--

vt.sibility ton*~ cf: visi!b!*. ivis~.te

Oescript~ion.
When th* visibility atrbujte i.s set to :s~ ~ e~~
say be displayed. Wuhen t~satt:ttnte ;,j set tc.-.

the segment mut~s not be dispayed.

'-visit.'~e segmen'ts -atnct te pic:ed.

5.10.6 SEGMtENT HIGHLIGH(TING

Parameters:

segmen~t ~dentif~et -

Description:
en :!%e ; t~z.t .s set t

x .~ tne ~ :%t-.1::,.;e ýs se-.
segment ;.s d.s;.a-Yed ac:zr-;. t-- -e se;7er: 3x"-4
attri.outes.3

5.10.7 SEGMENT' DISPL.AY PRIORITY

Parameters:

segment i.dentifCier ý:
segment di~splay priority `R1I

Oescription:
.'he segment dLsp'.y pzr-.riy f:.r -.!e i-et:.f--ed seg-te'.: ýs set
to the specif;.ed va:e

N~ov iE



I II i

Segments with higher segment display priority appear to be in
front of segments with lower segment display priorities. When
the segment display priorities of two overlapping segments are
the same. the order in which they appear is implementat:cn
dependent.

5.10.8 SEGMErT DZ•ECTJk'IZLITY

Paramters:

segment identifier (I)
detectability (one of: detectable, undetectable) (E)

Description:
When the detectability attribute is set to 'detectable' and the
visibility attribute to 'visible', the segment can be picked.
'detectable' but 'invisible' or 'undetectable' segments cannot
be picked.

Page X

Clause 6: Add the following at the end of clause 6:

METAFILE CATEGORY basic cgm

VDC NOMMALIZATION 0.32767 for VDC type integer
0.0,1.0 for VDC type real

DE7MRAL MODE asap.suppressed

DEVICE VIEWPCRT i.d.

RENA ME SEM•4NT n/a

DELETE SEOMLNT n/a

REDRAW ALL SEGM-TS n/a

TEXT FONT AND PRECISION l.string

CHARACTER VECTORS 0.1/100 of the length of the longes:
side of the rectangle defined
by VDC EXTENT,l/100 of the length of
the longest side of the rectangle
defined by VDC FXTEMNT,0

PICK IDENTIFIER .n./a a

LINE REPRES0NTATION i.d.

MARKER REPRESENTATION i.d.

TEXT REPRESENTATION i.d.
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FILL REPRESENTATION i.d.

EDGE REPRESE--ITATION i.d. 3
SEGMENT TRANSFORM 1,0,00.1,0

SEGMENT VISIBILITY visible

SEGMENT HIGLIGHTING normal

SEGMENT DETECTABILUTY undetectable

Page X i
The following forms clause E7

E.7 GKS Item Types 5
The item type returned to the application will be based on the binary op-
code which appears in Part 3 of this standard. The algorithm for
calculating the item type is:

lOZ14 class-subclass I

N
I
I
I,
I
I
I
I
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The following annex forms a new annex F.

F Formal Grammar of the Functional Specification of the
CGMEXTI Category

NOTE - This annex is not part of the Standard; it is included f±or
information purposes only.

F.1 Introduction

This grammar is a formal definition of a standard CGM extended syntax. The
encoding-independent and the encoding-dependent productions are separated.
and there are subsections showing the syntax of each of the standardzzed
encoding schemes. Details on the encoding of terminal symbols can be found
in parts of this Standard that deal with the particular encoding schemes.

F.2 Notation Used

<symbol> - nonterminal
<SYMBOL> - terminal
<symbol>" - 0 or more occurrences
(symbol>* - i or more occurrences
<(ymbol>o - optional (0 or I occurrences)
<symbol>(n) - exactly n occurrences. n-2.3.,...
<symbol-I> ::a <symbol-2> - symbol-I has the syntax of symbol-2
<symbol-I> ; <symbol-2> - svmbol-I or alternatively symbol-2
<symbol: meaning> - symbol with the stated meaning
{comment} - explanation of a symbol or a production

F.3 Detailed Grammar

F.3.1 Metafile Structure

<=etafile> ::< (BEGIN METAFILE>
<identifier>

<metafile descriptor>
<metafile contents>
<END METAFILE>

<metafile contents> ::< (extra element>#
<picture>
<extra element>)

<extra element> ::= <external element>
<escape element>

<picture> ::= <BEGIN PICTUME)
<identifier>

<picture descriptor element>*
<BEGIN PICTLRE BODY>
<picture content>*
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<END PICT•URE>

(Picture content)>: <Picture element>
<segment> 1

<identifier> : <: (string> I
<picture element> ::< (control element>

<graphical element>
<attribute element1
<escape element>
(external element>
<segment element>

<segment> :: <BEGIN SEGME-") M
<name>

<picture element>*

(END SE0M4NT>I

F.3.2 Metafile Descriptor Elements 3
<metafile descriptor> ::- <identification>

<characteristics>

<identification> ::- <METAFILE VERSION> )
<integer>

<metafile description>o
<metafile category>o

<metafile category> ::a <METAFILE CATEGORY>
<category enumerated> 3

<metafile description> ::x <METAFILE DESCRIPTION)
<string) l

<category enumerated> ::- <BASIC CC2>
<CGMEXTI>
(GK(SM>

<characteristics> : (: (element list>
<optional descr elmt>*

<element list> ::- <METAFILE ELEMENT LIST>
<element name>)

<optional descr elmt> ::2 <VDC T"PE> 1
<vdc type>

(MAXIMUM, COLOUR INDEX>
<colour index> I

<COLOUR VALUE EXTENT)
<red green blue>(2)

, <METAFILE DEFAULTS REvLACDEENT>
<element default>- I',<FONT LIST>
<font name>*
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<CHARACTER SET L:ST>
<character set definition)-

<CHARACTER CODING A.NOL'NCZ>
<coding technique enumerated>

<scalar precision>*
<escape element>
<external element>
<VDC NORMALIZATION>

<point> (2)

<vdc type> :: <INTEGER>
<REAL)

<element default> ::= <ellgible control element>
<picture descriptor element>
<attribute element>
<escape element>

<font name> ::( (string>

<character set definition> ::< (char set enumerated>
<designation sequence>

<index> ::z <standard index value>
: <private index value>

<standard index value> ::s <non-negative integer>
<non-negative integer> ::a <integer> {greater or equal :o Ot
<positive integer> ::x (integer> (greater than O}
<private index value> ::x <negative integer>
<negative integer> ::= <integer> {less than 0}
<positive index value> ::x <positive integer>

<char set enumerated> : <: (94 CHAR>
<96 CHAR>
<MULTI-BYTE 94 CHAR>
(MULTI-BYTE 96 C:JAR>
<COMPLET, COZE>

<coding technique enumerated> ::v <BASIC 7-3:T>
<BASIC 8-BIT3

1 <EXTENDED 7-BIT>
<EXTENDED 8-BIT>

<designation sequence> :: <string>

<scalar precision> ::- <INTEGER PRECISION>
<integer precision value>

<REAL PRECISION>
<real precision value>

<INDEX PRECISION>
<index precision value>

<COLOUR PRECISION>
<colour precision value>

<COLOUR INDEX PREC:SION>
<col index precision value>
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{these elements have encoding}
{dependent parameters

<eligible control element> ::=

<point) ::a <vdc value> (2) 3
F.3.3 Picture Descriptor Elements

<picture descriptor element> ::- <SCALING MODE>

<scaling spec mode)
<metric scale factor>

(COLOUR SELECTION MODE>
<colour select mode> I

LINE WIDTH SPECIFICATION MODE)
<spec mode>

<MARKER SIZE SPEC-FICATION MODE>
<spec mode> I

<EDGE WIDTH SPECIFICATION MODE>

<spec mode>
<VDC EXTE)n

<point> (2) I
<BACKGROUND COLO5)

<red green blue>
(escape element>
<external element>

<colour select mode) ::- <INDEXED> 3
<DIRECT>

<scaling spec mode> ::( <ABSTRACT)
(METRIC> I

<metric scale factor> ::a <real>

<spec mode> :: <ABSOLUTE>
<SCALED>

(point> ::s <vdc value) (2)1

F.3.4 Control Elements

<control element> ::a <vdc precision> I
<AUXILIARY COLOUR>

<colour>
<TRAINSPARENCY>

<on-off indicator enumerated>
<CLIP RECTANGLE>

<point>(2)S<CLIP INDICATOR>
<on-off indicator enumerated>

<VDC EXTENT>
<point>(2)

<DEVICE VIEWPORT)
<device point>(2)

<DEFERRAL STATE) 1
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<deferral mode enumerated>
<implicit regeneration mode enumerated)

<CLEAR>
<control flag enumerated>

<LDATE>
<update regeneration flag enumerated>

<on-off indicator enumerated>::- <ON>
<OFF>

<colour> ::V <colour index>
<red green blue>

<vdc precision> ::- <VDC LNTEGER PRECISION>
(vdc integer precision value>

<VDC REAL PRECISION>
<vdc real precision value>

(these elements have encoding}
(dependent parameters

<device point> ::z<real>(2)

<deferral mode enumerated> :: <ASAPA

<ENIL)
<ASTI>

(implicit regeneration mode> ::< (SLPPRESSED>I <ALLOWED>

<cantrol flag enumerated> ::-<CONDITIONALLY)
: <ALWAYS>

<update regeneration flag>
enumerated> ::- <PERFORM>

<POSTPONE>

F.3.5 Graphical Elements

<graphical element> ::= <polypoint element>
(<ext element>
<cell element)
<gdp element>
<rectangle element>
<circular element>
<elliptical element>

<polypoint element) :: <POLYLINE>
<point pair>
<point list>

(DISJOINT POLYLUNE>
<point pair>
<point pair list>

<POLYMARK-R>
<point>
<poino list)
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(POLYGON> U
<point> (3)
<point list> 3

<POLYGOCN SET>
<point edge pair>(3)
<point edge pair list>

<point list> ::a <point>*

<point pair list> ::* <point pair)*

<point pair> ::a <point>(2)

<point edge pair> ::a <point><edge out flag> I
<point edge pair list> ::a <point edge pair>*

<edge out flag> ::a <INVISIBLE) 3
<VISIBLE>
<CLOSELIVISIBLE>
<CLOSEVISIBLE> 3

<text element> ::u <TEXT)
<point>
<text tail>

<restricted text element>

<restricted text element> ::= <RESTRITED TEXT>
<extent>
<point>
<text tail>

<extent) ::a <vdc value>(2) 1
<text tail> ::< (final character list>

<nonfinal character list>)

<final charac:er list> ::x <FINAL)
<character list> 3

<nonfinal character list> ::- <NOT FINAL>
<string>
<character attribute e-emend>*
<sUpanned text)

<spanned text) ::s <APPEND TEXT>
<text tail>

<cell element> : <: (CELL ARRLAY)
<point> (3) I<integer> (2)

<local colour precision>
<colour>(integerl x integer2) 3

(this element has an encoding}
(dependent parameter }
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<local colour precision> ::= <colour precision value>

(col index precision value>
<default col precision indicator>

<gdp element> : <: GDP>
<gdp identifier>
<point list>*
(data record>

I <gdp identifier> ::a <integer>

<rectangle element> ::' <RECTANGLE>
<point pair>

<circular element> ::- <CIRCLE>
<point>
<radius>

<CIRCULAR ARC 3 POINT><point>(3
Q, <IRCM-AR ARC 3 POINTr CLOSE>

<Poin>(3)
<close type>

<CIRCULAR ARC CENTRED
<point>
(vdc value>(4)
<radius>

(CIRCULAR ARC CETRE CLOSE
<point>
<vdc value>(4)
<redius>
<close type>

<radius> ::= <non-negatlve vdc value>5 <non-negative vdc value> <vdc value> {greater or equal to 0}

<close type> ::= <PIE>5 <CHCRC>

<elliptical, element) ::2 <ELLIPSE>
<point>(3)

<ELLIPTICAL ARC><poLn 3)I!
<vdc value> (4)

<ELLIPTICAL ARC CLOSE>
<point> (3)
<vdc value>(4)
<close type>

F.3.6 Attribute Elements

<primitive attribute elem> ::= <line attribute element>
<marker a3tribute element>!- <text attribute element>
<filled area attritute element>
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<colour table element>
<aspect source flags>
<representation element>

<line attribute element> ::a <LINE BUNDLE INDEX>
<positive index>

<LINE TYPE>
<index>

<LINE WIDTH>
<size value>

<LINE COLOUR>
<colour>

(size value> :: <non-negative vdc value>
<non-negative real> I

<non-negative real> ::< (real> (greater or equal to O}

<marker attribute element> ::a <MARKER BUNDLE INDEX>
<positive .index>

<MARKER TYPE>
<index> 1

<MARKER SIZEM
<size value>
<MARKER COLOUR>
<colour>

<text attribute element> ::= <char attribute element>
<string attribute element>

<char attribute 'element> ::x <TEXT BUNDLE INDEX>
<positive index) 3

<TEXT FONT INDEX>
<positive index>

<CHARACTER EXP.ANSION FACTOR>
<real>

<CHARACTER SPACING>
<real>

<TEXT COLCUR>
<colour> U

,<CHARACTER HEIGHT>

<non-negative vdc valu.e>1
<CHARACTER CRIZýTAT:GN>

<vdc value>(4)
.<CHARACTER SET INDEX>

<positive index>
<ALTERNATE CHARACTER SET I.N;DEX>

<positive index>
<TEXT FONT AND PRECISION>

<index>
<text precision enumerated>

<CH•ARACTER VECTORS><vdc value>( 4 ) 3
<string attribute element> ::u <TEXT PATH>

<path enumerated>
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<TEXT PRECISION>
<text precision enumerated>

(TEXT ALIGNMLET>
<horizontal align enumerated>
<vertical align enumerated>
<continuous align value> (2)

<parth enumerated> :: <RIGHT)
(LEFT>
<UP>
<DOWN)

<text precision enumerated> : (: (STRING>
<CHARACTER>
<STROKE>

<horizontal align enumerated> (NORMAL HORIZONTAL>
<LEFT>
<CENTRE>
<RIGHT>
<CONTINUOUS HORIZONTAL>

<vertical align enumerated> ::s <NORMAL VERTICAL>
(TOP>
<CAP>
<HALF>
<BASE>
<BOTTOM>
<CONTINUOUS VERTICAL>

<continuous align value> ::= <real>

<filled area attribute elem> ::= <FILL BUXDLE INDEX>
<positive index>

,<INTZRIOR STYLE>
<interior style enumerated>

<FILL COLOUR>
<colour>

<HATCH INDEX>
<index>

<PATTERN INDEX>
<positive index>

< (EDGE BUNDLE INDEX>
(positive index>

<EDGE TYPE)
<index>

<EDGE WIDTH>
<size value>

<EDGE COLOUR>
<colour>

<EDGE VISIBILITY>
<on-off indicator enumerated>

<FILL REFERENCE PO1:"T)
<point>

<PATTERN TABLE>
<positive index>
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<integer> (2)
<local colour precis-ion>
<colour> (integer! x inceger2)

(this element has an encoding) ,
{dependent parameter
<PATTERN SIZE>

<vdc value>(411

<interior style enumerated> ::a <HOLLOW>
<SOLID>
<PATTERN>
<HATCH>

<colour table element> ::a <COLOUR TABLE> I
<starting index>
<red green blue>-

<starting index> ::< (colour index>

<aspect source flags) ::- <ASPECT SCLRCE FLAGS>
<asf pair>- -

<asf pair> ::z <asf type>
(asf> I

<as&, type> :: <LINE TYPE ASF)
<LINE WIDTH ASF)
< LTNE CWOhOR ASF>
<MARKER TYPE ASF>

<MARKER SIZE ASF)
0<ARKER CCLCUR ASF> 3
<TEXT FONT ASF>
<TEXT PRECISION ASF>
<TEXT FONT AND PRECISION ASF>
<CHARACTER EXPANSION FACTOR ASFP I
<CH.ARACTM SPACING ASF>

<TEXT COLOUR ASF>
<INTr-RICR STYLE ASF>
<FILL COLOUR ASF> 3
<HATCH INDEX ASFP
<PATTR.N INDEX ASF>
<EDGE TYPE ASF>
<EDGE WIDTH ASF>
<EDGE COLOUR ASF>

<asf> ::= <INDIVIDUAL> 1
,<BUNDLED>

<pick identifier> ::= <PICK IDENTIFIER>)
<integer> I

<representation element> :: <LINE REPRESENTATION)
<posicive index)
< index>
<size value')
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<CoI.ur)
( MARXF-R REPRESENTATbON)

<Positive index>

<index>
(size va.luf
<colour>

(TEXT REPRES-NTAT!N>
<positive index>
<index> (font)
<text precision enumerated>
<real> (character spacing}
<real) [expansion factor}
<colour>I <FILL REPRESLNTATION>
<positive index>
<interior style enumerated>
<index> (hat:h index,
<positive index> {pattern index}
<Qolour>

<EDGE R0RESLNrATI0N>
<positive index>
<index>
<size value>
<Qolour>

<PATTEN TABLE>
<positive index>

(nteger>2)
<local colour precision>
<colour>(inteterl*intejer2)

(this element has an encoding}
(dependent parameter}

<COLOUIR VBLE)
<starting index>
(red green blue>o

F.3.7 Escape Elements

<escape element> ::< (ESCAPE>
(identifier>
<data record>

<identifier> :;v <inteaer>

F.3.8 External Elements

<external element) <MESSAGE>
<action flag>
<string>

<APPLICATION DATA>
(integer>
<data record>

<action flag> <:z (YES>
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<vdc value>
<string)
<colour index>
<red green blue>
<Integer prec value>
<real prec value>
<index prec value>
<colour prec value)
<col index prec value>
"default col prec indicator>
<vdc integer prec value>
<vdc real prec value>
<colour list>
<data record>
<device point>
<name>

The COM extended opcodes are encoding dependent. A complete .ist of -e=
can be found in the productions for <element name enumerated) below.

The enumerated types:

<BASIC COM>< CGMEXT1>
<GKSM>
<GKSMO>
<INTEGER>
<REAL>
(ON><CFFr>
<(:NDEXED>
<DIRECT>
<A1BSTRACT>
<METRIC>
(ABSOLUTE>
<SCALED>
<94 CHAR>
<96 Ce..HAR>
<<MLTI-B'77= 94 CF'AR>
<MULTI-BYTE 96 CrA>
<COMPLZE:T7 CZDE>
<BASIC 7-BIT>
<BASIC 8-BIT>

<EXTL'ENDED 8-BIT>

<ASAP>
<BNIC>
<SNIL>
<ASTI>
<SUPPRESSED>
<ALLOWED>
< PSTONE>
<PERFORM>
<CONDITICNALLY>
<ALWAYS>
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<PIE>
<CHORD>
<FINAL> 3
<NOT FINAL>
<INDIVIDUAL>
<BUNDLED> 3
<HOLLOW)
<SOLID>
<PATTERN>
<HATCH> 3
<EMfPTY)
<STRING>
<CHARACTER>
<STROKE>
<RIGHT>
<LEFT>
<UP> I
<DOWN>
<NORMAL HORIZONTAL>
<CENTRE>
<CONTINUOUS HORIZONTAL>
<NORMAL VERTICAL>
<TOP>
<CAP> 3<HALF>
<BASE>
<BOTTOM>
<CONTINUOUS VERTICAL> 3
<YES>
<NO>
<LINE TYPE ASF>
<LINE WIDTH ASF> I
'LINE COLOUR ASF>
<MARKER TYPE ASF)
<MARKER SIZE ASF>
<MARKER CCLOLR ASF> a
<TEXT FONT ASF)
<TEXT PREC$SION ASF>
<TEXT FONT AND ?RECISWN ASF>
<CHARACTER EXPANS:IN FACTOR ASF>
<CHARACTER SPAC:NG ASF)
<TE-XT COLCILR ASF)
<(NTEICR STiLE ASF> I
<HATCH INZE.X AS.F>
<PATTERN INDEX .'-SF>
(FILL COLOL? AS>)
<EDGE TYPE ASF>
<EDGE WIDTH ASF>
<EDGE COLOUR ASF>
<VISIBLE) I
< INVISIBLEr>
<NORMAL>
<HIGHLIGHTED)
<DETECTABLE>
<tL.DETECTABLE)

N
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<element name enumerated> ( <BEGIN METAFILE>
<END METAFILE>
<BEGIN PICTURE>
<BEGIN PICT1URE BODY>
<END PICTURE>
<BEGIN SEGMENT>
<END SEGMEMN-
<METAFILE VERSION>
<XETAFILE DESCRIPTION>
(VDC TYPE>
<INTEGER PRECISION>
<REAL PRECISION>
<INDEX PRECISION>
<COLOUR PRECISION>
<COLOUR INDEX PRECISION>
<MAXIMUM COLOUR INDEX>
<METAFILE ELEMENT LIST)
<METAFILE DEFAULTS REPLACEMELNT>
<FONT LIST>
<CHARACTER SET LIST>
<CHARACTER CODING ANNOUNCER>
(SCALING MODE)
<COLOUR SELECTION MODE>
(LINE WIDTH SPECIFICATION MODE>
<MARKER SIZE SPECIFICAT1:0N MCDE>
<EDGE WIDTh SPECITFIICATIONý". MODE>
<VDC EXTENT>
<BACKGROUND COLOUR>
<VDC NCIMALIZATION>
<VDC INTEGER PRECISION>
<VDC REAL PRECISION>
<AUXILIARY COLOUR>
<TRANSPARENCY>
<CL.P RECTANGLE>
<CLIP INDICATOR-)
<CLEAR WORKSTATION>
<UPDATE WORKSTATION>

<SET DEFERRAL MODE>
<DEVICE VIEWORT>
<RENAME SEGMIENT>
( <ODELETE SED':.E.NT>
<REDRAW ALL SEOMEN-TS>
<POLYL:NE>
<DI-SJOCINT POLYLUNE>
<POL..MARK-XR>
(TEXT>
<RESTRICTED TEXT>
<APPEND TEXT)
<POLYGON>
<POLYGON SET>
<CELL ARRAY>
<GDP>
<RECTANGLE>
(CIRCLE>
<CIRCULAR ARC 3 POINT>
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I
<CIRC'•LAR ARC 3 POINT CLOSE>
<CIRCULAR ARC CENTRE>
<CIRCULAR ARC CENTRE CLOSE> 1',<ELLPSE>
<ELLIPTICAL ARC>
(ELLIPTICAL ARC CLOSE>
(LINE BUNDLE INDEX> I
<LINE TYPE>
(LINE WIDTH>
(LINE C0LOUR>
<MARKER BUNDLE INDEX>
(MARKER TYPE>
(MARKER SIZE>
<MARKER COLOUR>
<TEXT BUNDLE INDEX>
<TEXT FONT INDEX>
<TEXT PRECISION>
<TEXT FONT AND PRECISION>
<CHARACTER EXPANSION FACTOR>
<CHARACTER SPACING)
<TEXT COLOUR>
<CHARACTER HEIGHT>

<CHARACTER ORIENTATION>
<CHARACTER VECTORS>
<TEXT PATH>
< TEXT ALIGNMENT>
<CHARACTER SET INDEX>
<ALTERNATE CHARACTER SET INDEX) 3
<FILL BLNDLE INDEX>
<(NT"ERIOf STYLE>
<FILL COLOUR)
<HATCH INDEX>
<PATTERN INDEX>
<EDGE BUNDLE INDEX>
<EDGE TYPE> I
(EDGE WIDTH>
<EDGE COLOUR>
<EDGE VISIB.LZTY>
<FILL RE FERENCE POI.T \>
<PAITTRN TABLE>

<?PA71ERN SIZE>
(COLOUR TABLE> 3
<ASPECT SOURCE FLAGS>
<PICK ID ENTIFIER>
<LINE REPRESENTATION>
<.MARKER REPRESENTATICN>
<TEXT REPRESENTATION>
<FILL REPRES-NTATICN>
<SEGMENT TRANSFORM>
(SEGME.NT VISIBILITY>
<SEGMENT HIGHLIGHTING>
<SEGME.NT DISPLAY PRIORITY>
<SEGINMENT DETECTABILITY>
<ESCAPE>
(MESSAGE>
<APPLICATION DATA> 3
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Page X3

The following annex forms the new annex G. 3
G Formal Grammar of the Functional Specification of the GKSM
Category

NOTE - This annex is not part of the standard: it is included for
information purposes only. I

G.1 Introduction

This grammar is a formal definition of GKSM syntax. The encoding-
independent and the encoding-dependent productions are separated, aand :nere
are subsections showing the syntax of each of the standardized encd.:ng
schemes. Details on the encoding of terminal symbols can be found in parts
of the C0M Standard that deal with the particular encoding schemes.

G.2 Notation Used

(symbol> - nonterminal 1
<SYMBOL> - terminal
<symbol>* - 0 or more occurrences
<symbol>- - 1 or more occurrences I
<symbol>o - optional (0 or 1 occurrences)
<symbol>(n) - exactly n occurrences. n=2.3 ....
<symbol-l> ::a <symbol-2> - symbol-i has the syntax of s'.mbcl-2
<symbol-I> : <symbol-2> - symbol-i or alternatively symbol- 2

<symbol: meaning> - symbol with the stated meaning
{commentl} - explanation of a symbol or a produc:.zn

Detailed Grammar

Metafile Structure I
<met:all_1e> :=<BEGIN 4=T;F'6LE >

<identifier>
<metafile descriptor>
<metafile contents>)
<END ME.AF:Lz> 3

<metafile contents) ::< (extra element>*
<picture>
<extra element>*

<extra element> ::= <external element>
( <escape element> I

<picture) ::u <BEGIN PI(TtRE>
<identifier>

<picture descriptor element>*
<BEGIN PICT'URE BCDY> I
<picture content>*

<END PC7.RE>
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U
<picture content> ::z <picture element>3 <segment>

<picture identifier> ::- <string>

< (picture element> ::2 <control element>
(graphical element)
<attribute element>Ui (escape element)
(external element>
<segment element)3 <segment> : : - <BEGIN SEGMENT>

<name>
<picture element>*
<END SEOE.NT>

G.3.2 Metafile Descriptor Elements

<metafile descriptor> ::z <identification>
<characteristics>

<identification> ::- <METAFILE VESION>
<integer>

<metafile description>o
<metafile category>o

<metafile category> ::= <METAFILE CATEOCRY)3 (category enumerated>

<metafile description> :< (METAFILE DESCRIPTICN>
<string>

<category enumerated> :: <GKSM>

<characteristics> :: <element list>
<optional descr elmt>*

<element list> ::< <METAF:LE ELZ.'MVT L:ST7)3 <element name>*

<optional descr elmt> ::= <VDC TYPE>
<vdc type>

<MAXIMLM COLOUR :NDEX>
<colour index>

<COLOUR VALUE EX7ZNT>
<red green blue>(2)

<METAFILE DEFAULTS RELACE-•ILNT>
<element default>-

<FONT LIST>
<font name>-

<CHARACTMI SET LIST>
<character set definiticn>-SCF.ARACTER- CODI.NG A,*;NCU'NCZR>
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U
(coding technique enumerated>

<scalar precision>*
<escape element>
<external element)
<VDC NORMAL'ZATION>

<point> (2) 3
(vdc type> :: <INTECER>

<REAL>

<element default> :: <eligible control element> 1
<picture descriptor element>
<attribute element>
<escape element)

<eligible control element> ::= < .)

<font name> ::= (string>

<character set definition> ::w (char set enumerated>
(designation sequence>

<index> ::( (standard index value)
<private index value> 3

<standard index value> ::u <non-negative integer>
<non-negative integer) ::- <integer> (greater or equal :oD
<positive integer> ::a (integer) {greater than i
<private index value) ::= <negative integer>
<negative integer) ::x <integer> (less than C0
<positive index value> ::< (positive integer> 3
<char set enumerated> ::( (94 CHAR>

<96 CHAR>
(M•LTI-BYTE 904 CHAR><MUL:TI-BYTE 96 CFAR> 3
<CCMPLTTE CODE>

<coding technique enumerated> ::= <BASIC 7-BIT> 1
<BASIC 3-BIT>
< XTr(NDED 7-SIT>
<EXTENDED 8-SIT> 3

<designation sequence> ::< (string>

<scalar precision> ::< (INTEGER PRECISICN
<integer precision value> I

<REAL PRECISION>
<real precision value>

(INDEX PRECISION>
<index precision value>

<COLOUR PRECISION)
<colour precision value>

<COLOUR INDEX PRECISICN)
<col index precision value>

(these elements have encodng} 3
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{dependent parameters

<point> ::z <vdc value> (2)

G.3.3 Picture Descriptor Elements

<picture descriptor element) ::< (BACKGROLND COLOUR>
<red green blue)

<escape element)
<external element>
<VDC NORMALIZATION>

<point>(2)

<point> ::u <vdc value> (2)

G.3.4 Control Elements

<control element> ::= <vdc precision>
<CLIP RECTANGLE>

<point>(2)
<workstation window>
<workstation viewport>
<DEFERRAL STATE>

<deferral mode enumerated>
<implicit regeneration mode enuxeraaed>

<clear workstation>
<update workstation>

<vdc precision> :: <VDC INTEGER PRECISION>
<vdc integer precision value>

<VDC REAL PRECISION>
<vdc real precision value>

(these elements have encoding}
(dependent parameters

<workstation window> ::u<VDC FXTENT)
<point>(2)

<workstation viewport> ::<DEVICE V:EPORT>

<device point>(2)

<device point) ::=<real)(2)

<deferral mode enumerated> ::z <ASAP>
<BNIG>
<BNIL>
<ASTI>

<implicit regeneration mode> ::< (SUPPRESSED>
<ALLOWED>

<clear workstation> ::( (CLEAR>
<control flag enumerated>

<update workstation> <UPDATE>
<update regeneration ftag enumerated>
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I
<control flag enumerated> ::=<CONDITIONALLY>

<ALWAYS> I
<update regeneration flag>

enumerated> :: E <PRFORM>
(POSTPONE> I

G.3.5 Graphical Elements 3
<graphical element> :: <polypoint element>

<text element>
<cell element>
<gdp element)

<polypoint element> ::z <POLYLINE> 3
<point pair>
<point list>

<POLYM.RKER><point>

<point list>
<POLYGON>

<point> (3)
<point list>

<point list> ::a <point>*

<point pair list> ::a <point pair>*

<point pair> ::2 <point>(2) 3
<text element> : Q: ((TXT

<point>
<text tail>

<restricted text element> I
<text tail> ::2 <final character list>

(final character list> ::; <FINAL>
<sQtring>

<cell element> ::W (CELL ARRAY> I
(point>(3)
(integer)(2)
<local colour precision>
<colour>(integerl x integer2)

(this element has an encoding}
(dependent parameter } I

<local colour precision> ::= <colour precision value>
<col index precision value>
<default col precision indicator>

<gdp element) :: <GDP=0
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<gdp identifier>
<point list>*
<data record>

<gdp identifier> ::= <integer>

G.3.6 Attribute Elements

<attribute element> ::a <line attribute element>
<marker attribute element)
<text attribute element>
<filled area attribute element>
<aspect source flags>
<pick identifier>
<representation element>

(line attribute element> ::< (LINE BUNDLE INDEX>
<positive index>

<LINE TYPE>
<index>

<LINE WIDTH>
<size value>

<LINE COLOUR>
<positive index>

<size value> ::v <non-negative real)

<non-negative real> ::= <real> (greater or equal to 0}

<marker attribute element> ::= <MARKER BUNDLE INDEX>
<positive index><.M4ARKER TYPE>
(index>

(MARKER SIZE)
<size value>
(<MARKMR COLCUR>
<positive index>

<text attribute element> <char attribute element>
<string attribute element>

<char attribute element> ::< (TEXT BUNDLE INDEX>
<positive index>

<CHARACTER EXPANSION FACTOR>
<real>

<CHARACTER SPACING>
<real>

<TEXT COLOUR>
<positive index>

1,<TEXT FONT AND PRECISION>
<index>
<text precision enumerated>

1<CHARACTER VECTORS>
<vdc value>(4)
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<string attribute element> ::- <TEXT PATH>
<path enumerated>

<TEXT ALIGNM04T>
<horizontal align enumerated>
<vertical align enumerated>

<path enumerated> ::x <RIHT>
<LEFr)
<Up>
<DOWN> 3

<text precision enumerated> ::a <STRLNG)

<CHARACTER>
<STROKE>

<horizontal align enumerated> ::= <NORMAL HORIZONTAL>< LEFT>l

<CETRE>
<RIGHT)

<vertical align enumerated> : <NORMAL VERTICAL> 3
<TOP>
<CAP>
<HALF>
<BASE>
<BOTTOM>

<filled area attribute elem> ::a <FILL BUNDLE INDEX> U
<positive index>

<LNTERIOR STYLE>
<interior style enumerated>

',<FILL COL0L.R>
<positive index>

<HATCH INDEX>
<index>

<PATTERN :NDEX>
<positive index>

<FILL REFFP.ENCE ?C:NT)>
<point>

<PATT-E-RN SIZE>
<vdc value>( 4 )

<interior style enumerated> ::a <HOLLOW> I
<SOLID>
<PATTErN>
<HATCH>

<aspect source flags> : <: (ASPECT SOURCE FLAGS>
<asf pair>- 3

<asf pair> ::< (asf type>
<asf>

<asf type> ::< (LINE ',PE ASF> I
<LINE WIDTH ASF>
(<LUNE COLOUR ASF> 3
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(MARKER AcPE .SF>
<MARKER SIZE ASF>5<MARKER COL'LIA ASF)
(TEXT FONT ASF>
<TEXT PRECISION ASF>
<TEXT FONT AND PRECISION ASF>
<CHARACTER EXPANSION FACT'R ASF)
<CHARACTER SPACING ASP)
<TEXT COLOUR ASF)
<INTERIOR STYLE ASP>
(FILL COLOUR ASP>
<HATCH INDEX ASF>
<PATTERN INDEX ASF>

<asf> ::< (INDIVIDUAL>
<BUNDLED)

U <pick identifier> ::< PICK IDENTIFIER>
<integer>

<representatibn element> ::= <LINE REPRESLNTATICN>
<positive index>
<index>
<size value>
<positive index index>

<MARKER RERES\r.ATC0N>
<positive index>
<index>
<size value>
<positive index index>

<TEXT REPRESE--NAT:CN)
<positive index>
i<ndex> {font)

<text precision enumerated>
<real> (character spacing}
<real) (expansion fac:cr}
<pcsitive index index>

< <PILL RE=-RESEN7AT:CN>
<positive index>
<interior style enumerated>
<index> (hatch index}
<positive index> (pa:tern Index"
<positive index index>

<PATTERN TABLE>
<positive index>
<integer>(2)

.1.<local colour precision>
<colour>(integerl*integer2)

(this element has an encoding}
(dependent parameter}
<COLOLR TABLE>

<starting index>
<red green blue>-

<starting index> ::= <colour index>
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(coloU' index> (positive index)

G,3.7 Escape Elements

C data rec:rd)

<identif~.4*0 :' irOger)

G.3.8 External 91*00entz

<actionl rag)3

(A.PPL:CAT'.:CN 3ATA>
(integer>
<data record>

<act:.-n flog> (y)

G 3.9 Segument Elemen~ts

easeg--en na=e)

<seg--ert rnaz*>
ALL S~Z:MEN'7

(5 'LMN7 7'AS:M<:,.az3=atri3
(naz e' en"';=r3:eI

(rna--e>
< detectati>.:y en~er:ed>3

"(new segmne~t 7.aze', !:s enraze)

'segment na~e, am

Sz~zU



I
<transformtion matrix) ::a (real>(6)

<visibility enumerated) :: (VSBLE>

<highlighting enumerated> ::a <NCRMAL>
II

segment priority> ::-<real> (0-1}

detectability enumerated : C: <DETECTABLe>
(<NDE7ECTIABLE>I

G.4 Terminal Symbols

71The following are the terminals in this gVamzar.I Their representation is dependent on the encodi.ng scheme used.
In annex A of the subsequent parts of this Standard. these
encoding-dependent symbols are further described.

<element name>
<integer>
<real>
<vdc value>
<string>
<colour index>
<red green blue>
<integer prec value>
<real prec value>
(index prec value>
<colour prec value>
<col index prec value>
<default col prec indicator>
<vdc integer prec value>
(vdc real prec value>
<colour list>
<data record>
<device pcint>
<name>

7he COM extended opcodes are encoding dependent. A z:cplete !.ts- of
can be found in t~he productions for <element name enuzerated> below.

The enumerated types:

<GKSM>
<INTEGR>
<REAL>
<ON>
<OFF)
<INDEXED>
<94 CHAR>
<96 CiAR>3 <MUL•T:-BYTE 94 CHAR>
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(M< TI-BYTE 96 CHAR>
<COMPLI'TE CODE>
<BASIC 7-BIT> 3
<BASIC 8-BIT)
<EXTENDED 8-7zBIT

<ASAP)
<BNIG)
<BNIL)
<ASTI>
<SUPPRESSED>
<ALLOWED)
<POSTPONE>
<PERFORM>
(CONDITIONALLY>
<ALWAYS>
(FINAL)
<INDIVIDUAL>
<BUNDLED><HOLLOW)
<SOLID>

<PATTERN>
<HATCH>
<STRING>
<CHARACTER>
< STROKE>
<RIGHT)
<LEFT>

<DOWN>
<NORMAL HORIZONTAL>

(CENTRE><NORMAL VE-RTICAL>
<TOP>(CAP>I

<HALF)
< BASE>
<BOTTO•M>

<YES) 3
<NO)

<LINE TYPE ASP>
<LINE WIDTH- ASF>
<LINE COLOUR ASP> I
<XASKE TYPE ASF>
<MARKER SIZE ASF>
<MARKER COLOUR ASF>
<TEXT FONT AND PRECISION ASF> I
<CHARACTER EXPANSICN FACTOR ASF>
<CHARACTER SPACING ASF>
<TEXT COLOUR ASF> I
<INTERIOR STYLE ASF)
<HATCH INDEX ASF>
<PA =,N INDEX ASF>
<FILL COLOUR ASF> I
<VISIBLE>

(INVISIBLE) I
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<NORMAL)
<HIGHLIGHTED>
<DETECTABLE>
<tUNDETECTABLE>

<element name enumerated> :< (BEGIN METAFILE>
<END METAFILE)
<BEGIN PICTURE>
<BEGIN PICTURE BODY>
<END PICTURE>
<BEGIN SEGMENT)
<END SEGMENT>
0MTAILE VERSION>
<METAFILE DESCRIPTION>

<VDC TYPE>
<INTEGER PRECISION>
<REAL PRECISION>
<INDEX PRECISION)
<COLOUR PRECISION>
<COLOUR INDEX PRECISION>
<MAXIU COLOUR INDEX>
<METAFILE ELEL-NT LIST>
<METAFILS DEFAULTS REPLACEMENT)
<FONT LIST>

<CHARACTER SET LIST>
<CHARACTER CODING ANNOUNCER>
<VDC EXTENT>
<BACKGROUND COLOUR>
<VDC NORMALIZATION>
<VDC INTEGER PRECISION>
<VDC REAL PRECISION>
<CLIP RECTANGLE>
<CLEAR WORKSTATION>
<UPDATE WORKSTATION>
<SET DEFERRAL MODE)

<DEVICE VIEWPORT>
<RENAME SEGMENT>i <DELETE SEGMENT>
<REDRAW ALL SEGMENTS>
<(?OLYLINE>
< POLYMARKF.R>
<TEXT>
<POLYGON)

IiI<CELTL ARRAY>
-- <GDP><LINE BUNDLE INDEX)

(LINE TYPE>
<LINE WIDTH>
(LINE COLOUR>
<MARKER BUNDLE INDEX>
<MARKER TYPE>
<MARKER SIZE>
CMARKER COLOUR>
<TEXT BUNDLE INDEX>
<TErXT FONT AND PRECIS:ON>
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I
<CHARACTER EXPANSION FACTOR>
<CHARACTER SPACING>
<TEXT COLOUR>
(CHARACTER VECTORS>
<TEXT PATH>
<TEXT ALIG,%N•T>1
<FILL BLNDLE INDEX>
<INTERIOR STYLE>
<FILL COLOUR>
<HATCH INDEX>
<PATTERN INDEX>

<FILL REFERENCE POINT>
<PATTERN TABLE>
<PATTERN SIZE>
<COLOUR TABLE>
<ASPECT SOURCE FLAGS>
<PICK IDLrTIFIER>
<LINE REPRESENTATION>
<MARKER REPRESENTATION>
<TEXT REPRESENTATION>
(FILL REPRESENTATION>
<SEGCENT TRA.NSFORM>
<SEGMENT VISIBILITY>
<SEGMENT HIGHLIGHTING>
<SEGMENT DISPLAY PRIORITY>
<5EGMENT DETECTABILITY>
<ESCAPE)
<MESSAGE>
<APPLICATION DATA>

8
I
U
1
U
I
I
I
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The following annex forms the new annex H

H Formal Grammar of the Functional Specification of the GXSMO
Category

his will be a subset of Annex G

I

I.

II

tI
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Page X

Add the following to table 1:

3 Opcode 7-Bit Coding 8-Bit Coding

BEGIN SEQ%1NT opcode 3/0 2/5 03/0 02/5SEND SEG'4ENT opcode 3/0 2/6 03/0 02/6

METAFILE CATEGORY opcode 3/2 3/0 03/2 03/0
VDC NORMALIZATION opcode 3/2 3/1 03/2 03/0I
DEVICE VIEWPORT opcode 3/3 2/6 03/3 02'/6
DEFERRAL STATE opcode 3/3 2/7 03/3 02/7
CLEAR opcode 3/3 2/8 03/3 02/8
UPDATE opcode 3/3 2/9 03/3 02/9

LINE REPRESENTATION opcode 3/5 2/8 03/5 02/8
MARKER REPRESENTATION opcode 3/5 2/9 03/5 02/9
TEXT FONT AND PRECISION opcode 3/5 3/12 03/5 03/12
CHARACTER VECTORS opcode 3/5 3/13 03/5 03/13
TEXT REPRESENTATION opcode 3/5 3/14 03/5 03/114

FILL REPRESENTATION opcode 3/6 2/13 03/6 02,"13
EDGE RERESENTATION opcode 3/6 2/14 03/6 02,,i-
PICK ID opcode 3/6 3/2 03/6 03,'2

RENA•E SEGMENT opcode 3/8 2/0 03/8 C2 0
DELETE SEGMENT opcode 3/8 2/1 03/8 02.1
REDRAW ALL SEGMENTS opcode 3/8 2/2 03/8 02.2
SEGMENT TRANSFORM opcode 3/8 2/3 0318 02,3
SEGMENT VISIBILITY opcode 3,8 2/1 03/8 02.4
SEGMENT HIGHLIGMTING opcode 3/8 2/5 03,8 02.5
SEGMENT PRIORITY opcode 3/8 2/6 03'8 02,6
SEGMENT DETECTABILITY opcode 3/8 2/7 03,8 02 7

Page X

Add the following to the end of sub-clause 5.3:

1 3/8 for Segment Elements

Page X

g The following form sub-clauses 8.1.6 and 8.1.7

8.1.6 BEGIN SEGMENT

<BEGIN-SEGMENT-opcode: 3/0 2/5>
<integer: segment-identifier>

I 8.1.7 END SEGMENT

i<ND-SEGMENT-opcode: 3/0 2/6>

3 Nov 86 :50/TC9,SC21NAC3 1 Par
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The following form sub-clauses 8.2.16 and 8.2.17

8.2.16 METAFILE CATEGORY

<METAFILE-CATEGORY-OPCODE: 3/2 3/0>
<enumerated: metafile category>
<enumerated: aetafile category) * <integer: 0> {basic cgm} I

<integer: 1> (cgm extl}
',<integer: 2> (gksm}

8.2.17 VDC NORMALIZATION <

<VDC-NORMAL1ZAT:ON-opcode: 3/2 3/1>
<VDC: low-value> U
V<VDC : high-value>

Page X U
The following form sub-clauses 1.4.7 to 8.4.10

8.4.7 DEVICE VIEWPORT

<DEVICE-VIEWPCRT-opcode: 3/3 2/6>
(device-point: first corner> m
<device-point : second corner>

8.4.8 DEFERRAL STATE

<DEFERRAL-STATE-opcode: 3/3 2/7)
<enumerated: deferral mode>
<enumerated: implicit regeneration mode> I
<enumerated: deferral mode> x <integer: 0> fasap}

<integer: 1> {bnig}
<integer: 2> (bnil)
<integer: 3) {asti} I

<enumerated:
implicit-regeneration-mode> x <integer: 0>(suppressed}

( <integer: '>J'al.cwed} I
8.4.9 CLEAR

<CLEAR-opcode 3/3 2/8> I
(enumerated: control-flag>
<enumerated: control-flag> < integer: 0> {conditionally}

<integer: 1> (always} 3
8.4.10 UPDATE

(UPDATE-opcode: 3/3 2/9> 3
<enumerated: update-regeneration-flag>
<enumerated: update-regeneration-flag> 2 <integer: C> ;perf•r•

(<nteger: I> {1ostpone;
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The following form sub-clauses 8.6.36 to 8.6.,43

8.6.36 TEXT FONT AND PRECISION

<TiET-FONT-AND-PRECISION-opcode: 3/5 3/12>
<integer: text-font-index)
<enumerated: text-precision>
<integer: text-font-index> u <positive index>
<enumerated: text-precision> a <integer: 0> (string}

<integer: :> {char)
<integer: 2> (stroke}

8.6.37 CHARACTER VECTORS

<CHARACTER-VECTORS-opcode: 3/5 3/13>
<VDC: x-co•ponent-of-height-vector)
<VDC: y-component-of-height-vector>
<VDC: x-component-of-width-vector>
<VDC: y-component-of-width-vector>

8.6.38 PICK in

<PICK-ID-opcode: 3/6 3/2>

<integer: pick-id>

8.6.39 LINE REPRESENTATION

<LINE REPRESENTATION-opcode: 3/5 2/8>
< integer: line-bundle-index>
<index: line-type>
<index: line-type>
< line-width-speci fier>
<colour-specifier>

<integer: li.ne-bundle-index> a <positive integer>
<index: line-type> a <integer: I> {solid}

<integer: 2> {dash}
<integer: 3> {do}
<integer: 4> {dash-dot}
<integer: 5> {dash-dot-dot}
<integer: negative> {private l1ne

type}

<line-width-specifier> = <real: line width-scale-fact-r> l±if
LINE WIDTH SPECIFICATION MODE Ls
'scaled')}
<VDC: line width> {if LINE W--2-H

SPECIF:CATION MODE IS 'absolute'}
<colour-specifier> < (integer: colour index> {if COLCUR

SELECTION MODE is 'indexed'}
<RGB> (if COLOUR SELECTION MCCE :S
'absolute' }

<integer: colcur-index> <non-negative integer>
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8.6.40 MARKER REPRESENTATION

<MvARKER-REPRESENTATION-opcode: 3/5 2/9>
<integer: marker-bundle- index)
<index: marker- type)
(index: marker- type>
<marlcer-size-specifier)
<colour-specifier)

<integer: marker-bundle-index) <positive integer>
<index: marker-type) ( integr: 1.> (solid)

(integer: 2> (dash}
<integer: 3) (dot}
<integer: 4> (dash-dot}
<integer: P> (dash-dot-dot}
<integer: negative) (private

marker type I}

<marker-size-specifier) <real: marker size-scale- factor> (4~s
MARKER SIZE SPECIFICATION MODE i.s
'scaled')}
<VDC: marker suie) ('if MARKU-S:ZI

SPECIFICATION MODt IS 'absolutelj
<colour-specifier) < integer: colour index) (if' COLC!Y

SELECTION MODE IS 'indexed')}
<RGB> {if COLOUR SELECTION MCCZE _ýs
'absolute' I

(integer: colour-index) <non-negative integer)

8.6.41 TEXT REPRESENTATION

<TEXT-REPRESEfI'ATION-opcode: 3/5 3/14>
<integer: text-bundle-index)
<integer: text-font-index)
<enumerated: text-precision)
<real: expansion-factor)
(real: character-spacing)
<colour-specifier>I

(integer: text-bundle-index) z <positive intleger)
(integer: text-font-index) 2 <positivre inzeger)
<enumerated: text-preci4sion) <4nteger:O> {string}

<iiteger:1> (character,,
<integer:2) {stroke}

<real: expansion-factor> a (non-negative real)

8.6.42 FILL REPRESENTATION

<FILL-REPRESE.NTATION-opcode: 3/6 2.'`13)>
<integer: fill-bundle-index)
<enumerated: interior-style)
<index: hatch-index>I
<index: pattern- index)

<colour speci.fier>
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<integer;fill-bundle-index) < (positive integer>
<enumerated: interior style) > <integer:O> {hollow

<integer:1> (solid
<integer:2> {pattern
(integer:3> (hatch
<integer:4> (empty

I<integer:negative>{private style}

<index: hbtch-index> a <integer:l> (horizontall
<integer:2> (vertical}<integer:3> (positive slope)
<integer:4> (negative slope)

<integer:5) (horizontal/vertical cross}
<integer:6> (positive/negative crossl
<integer:negative) (private styles)

<index; pattern-index> a <positive integer>
<colour specifier> a <integer:colour index) {if COLOUR SELECTION

MODE is 'indexed'
<REB> {if COLOUR SELECTION MODE is 'direct'

8.6.43 EDGE REPRESENTATION

<EDGE-REPRESLNTATION-opcode: 3/6 2/14>
<integer: edge-bundle-index>
<index: edge-type>
<edge-width-specifier>
<colour-specifier>

<integer: edge-bundle-index> a <positive integer>
<index: edge-type> < (integer: 1> (solid)

<integer: 2> (dash)
<integer: 3) (dot)
<integer: 4> (dash-dot)
<integer: 5> (dash-dot-dot}
<integer: negative> (private edge
type}

U <edge-width-specifier> a <real: edge-width-scale-factor> K.±
EDGE WIDTH SPECIF:CATION MODE .s
'scaled'I

<VDC: edge width> (if EDGE W HI,

SPECIFICATION MODE is 'absolute'}
<colour-specifier> (<integer: colour-index> (if CCLZ2

SELECTION MODE is 'indexed')I <RGB> (if COLOUR SELECTION MODE is
'direct')

<integer: colour-index> a <non-negative integer>

I
I
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The foliowing forms sub-clause 8.9 1
8.9 Segment Elements

8.9.1 RENAME SEGMENT

<RENME-SEGMT-opcode: 3/8 2/0>
(integer: old-segment-identifier> I
<integer: new-segment-identifier)

8.9.2 DELETE SEGMENT

<DQTL-SEMT-opcode: 3/8 2/1>

<integer: segment-identifier>

8.9.3 REDRAW ALL SEGMENTS

<REDRAW-ALL-SEQ4LNTS-opcode: 3/8 2/2> f
8.9.4 SEGMENT TRANSFORMATION

<SEM4ENT-TRFANSFORMATION-opcode: 3/8 2/3>
<integer: segment-identifier> I
<transformation matrix>
<transformation matrix) z <real: a ) >

<r-eal: a., >>
<real- a,2 >
(real: ajra: >I
(real: 22 >(vdc : e > •1

<vdc a13 > I
8.9.5 SEGMENT VISIBILITY

<SEGCkM0T-VISIBIL1TY-opcode: 3/8 2/'4>
<Jinteger: segment-identifier)
<enumerated: segment-visibility>
<enumerated: segment-visibility> <integer: 0> {invisible},'<integer-: 1> {~ ... :

8.9.6 SEGMENT HIGHLIGHTING 5
<SEG.IFNTi-HIGHLIGHTING-opcode: 3/8 21->
<integer: segment-identifier>
<enumerated: seg=ent-highl_4ght4ing>
<enumerated: segment-highlighting> = <integer: 0> (normael4

S<integer: 1) (highlighted}

8.9.7 SEGMENT PRIORITY <

<SEGMENT-PRIORITY-opcode: 3/8 2/6>
<integer: segment-identif'er>
<real: segment-priorzity><real: segment-pricrity> = <0 S real S 1>

3ov 86 61N
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8.9.8 SEGMENT DETECTABILITY

<SEGMXNTDEMCTA8IL=T-cpcode: 31'8 2 '/7)
<enumerated:segmernt-detec-.abili±:y> - <integer: O> (,undetectabl.e"
<integer: segment-ident-4jir> <integer: 1>) (detectao2le'
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Page X

Add the followlng to :aoie 2:

8 Segment elements

Page X

Add the following to table 3:

Element Element Parameter Parameter Parameter :efau-lt
Class 0 Id Type List Range

Leng:h

BEGIN SEGMET 6 1 B1
END SEGMLNT 7 n/a 0 na n, a

Notes (on table 3)
Code Notes

6 BEGLN SEGNE-rr: has I parameter:
PI: (integer) segment identifier

7 MN SE.•"N'T: has no parameters

page X

Add the following to table ':

Element Element Parameter Fara=eter Para--e:er . efa
Class I id Tpe Lis: Range

Leng:h

ME7AF:LZ CATE-CRY :6 E-B ."2

C N0CRAL•. ZA7:N I, 2V C 2q';V:C VCR see :.e

Notes (on table 4)
Code Notes
16 M-E"TAFILE CATEGORY: has I parameter:

PI (enumera:ed) categcry
0 Basic CGM. I CGC4 XTI. 2 P.CKSJM 3 'KSM

17 VDC NCRMALLIZAxN: has 2 parameters:
P.: C, c. ow value
?2: (VDC) High value

If VDC 17?PE is REAL. default ':C NCR.MAL;A: :.. s
1.0. If ThC TYPE is I default ' *" C " ... CP..A...........
is 0. .

.11 V 8 6l 7C1- I lZI I
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Add the foLlowing to table 6 1
Element Element Parameter Parameter Parameter Deialt :
Class 3 Id Type 1ist Range I

L-ength

DEVICE VIEWPORT 8 2DP 2S0P OPR See note I
be~low

CLEAR 9 E BE (0.1} nl/a
L?DATE 10 E BE (0.1) n'/ a
DEFERRAL STATE 11 E BE {0-12-3) n,a

Notes (on table 6)

Code Notes
7 DEVICE VIEWPCRT: has two parameters

Pt: (device point) first point in decimillimeters
P2: (device point) second point in decimill:=eters.

1f the entire device view surface is rectangular. t".en I
the default DEV:CE V.ZAv?ORT is the entire device view
surface.

0ther-4ise the default is set t-o the largest rectan-ý'zla:
subset of the view surface having the desired as;ec:
ratio. 3
The default is set so that the "first ;oint" is below and
"to the left of the "second point" as seen by t-e v'_ewer. m

DEI--L-RAL STATE-: has two parameters:
Pt: (enumerated) Deferral mode

0 ASAP. As soon as possible.
IBNIG. Before next lnteraction gioa l .
2 BNIL. Before next nateract;.cn lcca.

3 ASTI. At some time.

CLEAR: has one parameter-: I
P.: (enumerated) contr:o flag

O Cond.ticna.ly
I Always I

10 UPDATE: has one parameter:
P1: (enumerated) Update -zgeneratizn flag

0 Perform
I Postpone

Page X

Add the following to table 8: 3
Element Element Parameter Parameter Deter efau.2.t
Class 5 1. Type Li.st

Length
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TEXT FONT AND 36 IX. E SIX-IR IYR (0. 1. 2;.
?RECIStON (0.01)
CHARACTER VECTORS 37 4VDC 4BVfC VZCR
PICK !DrNTIFIE 38 I 31 :R n, a

LINE REPRESENTATION 39 2IX.VDC or 2BIX.BVDC *IX-VDCR n/a
R.CO or BFP.8C0 or FPR/

-FXR COR

MARKE REPRESENTATION 40 21X.VDC or 2BIX-BVDC -IX-VDCR n/a
R.CO or BFP-BC0 or FPR

-FXR COR

T-E-XT REPRESENTATION 41 21X.E.2R. 2BIX-SE- -IX-FPRi n/a
CO -2BFP-BCO -FXR-CCR

FILL REP.qESDTATICN 42 2IX.CO, 231X.BCO- *IX-CCR
21X 2BIX

EDGE REPRESENTATION 143 21X.VDC or 2BIX-BVZC -IXR.IXP. n/a
or R,CO or BR.BCO -- VDCR or

--RR. COJR

Code Notes
36 TEXT FONT AND PRECISION: has 2 parameters:

P1: (index) text font index
P2: (index) text precision: Valid values are:

0 string
1 character
2 stroke

37 C-iARACTER VECTORS: has 4 parameters:
PI: (real) x character height component
P2: (real) y character height component
P3: (real) x character base componen:
P;: (real) y character base ccmponent

-38 P:CX ::EYTIF:--: has 1 parameter
PI: (integer) pick identifier

39 L:NE REPRES-N-ATOIN: has 4 parameters
?P: (Index) line bundle index
P2: (index) line type indicator
P3: (vdc or real) absolute line width or line width scale

factor
P4.: (colour) line colour: its form depends C. -.-

SELECTION MODE.

40 MARKE RERESLNTATION: has 14 parameters
PI: (index) marker bundle index
P2: (index) marker type indicator
P3: (vdc or real) absolute marker width or line

scale factor
P4: (colour) marker colour: its form depends ON ... .-

SELECTION MODE.
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41 TEXT REPRESLNTATION: has 6 parameters

P1: (index) text bundle index
P2: (index) text font index
P3: (index) text precision
P4: (real) character spacing I
P5: (real) character expansion factor
P6: (colour) text colour; its form depends CN CC3O•
SELECTION MODE I

42 FILL REPRESErTATION: has 4 parameters
PI: (index) fill area bundle
P2: (index) interior style: valid values are:

0 hollow I
I solid
2 pattern
3 hatch4 empty

P3: (colour): fill colour; its form depends on COLZUR
SELECTION MODE

P4: (index) pattern index

43 EDGE REPRESE.NTATION: has 4 parameters
PI: (index) edge bundle index U
P2: (index) edge type indicator
P3: (vdc or real) absolute edge width Cr line wdd:h sca-e

factor
P4: (colour) edge colour: its form depends on '

SELECTION MODE.

Page XI

The following forms sub-clause 7.10 5
7.1.0 Segment Elements

Table 11 Encoding of Segment Elements I
.iement Element Parameter Parameter Para--=eter ue:

0.iss 8 Id Type List Range
Length

RE.NAME SEGMEISZNT 2: 23B.1 a
DELETE SEGMENT 2 I ST I8 n a
REDRAW ALL SEGME'NTS 3 - - - -

SEGMENT 4 4R.2VDC LBFP-2BVDC FPR. '.. 3,..•.,
TRANSFORjM .

SEGMENT VISIBILITY 5 I.E BI-BE RO.1) n.0aO

SEG4ENT HIGHLIGHTING 6 I.E 8I1BE 'R,.(;,. na., 1
SEC'ME.'NT DISPLAY 7 I.R 8I-BFP IR..-?R a.-,
PRIORITY I
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SE0404T DETECTABILITY 8 BI-BE I.(0.). na.

Notes (on table '.1)

Code Notes
I RELNAME SEGMENT:

P?: (index) old segment name
P2: (index) new segment name

2 DELETE SEGMENT:
P1: (index) segment name

3 REDRAW ALL SEGMENTS:
No parameters

4 SEGME-NT TARIASFCRM: has 6 parameters
representing a 3X2 matrix of t:he form:

:P1 P2 P5:
?3 P4 P6:

where:
P1: (real) x scale component
P2: (real) x rotation component
P3: (real) y scale component
P4: (real) y rotation componen:
P5: (vdc) x translation component
P6: (vdc) y :ranslatcon compcnen:

5 SEGMENT VIS:BIuET:
PI: (index) segment name
P2: (index) segment visibili:y: -*alid va>.es are

0 visible
Iinvi.sible

6 SEMN H:H "--':O

21. ýindex; segmen: name
P2: (index) t-pe ofI n -a;.na va-.es are

0 ncrmal
i highlighted

SEZ:ENT D:SIPLAY:
Priority
PI: (index) segment name
P2: (real) segment display pr~c::y

3 SEGME.NT DE'EcTAB:Lz:
PI: (index) segment name
P2: (index) detectabii4ty: val.d :alues are

o uLndetectable
1 detectable
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Add the fol'owing to the end of sub-clause 35

<SEP)
<1>

D? <DPOINEC).'< <L.EFT ?AREN> <OPTSEP)
<DPOINTREC) <OPTSEP> <RIGHT PA.REN))

(CCORDINATS in DC space. Parentheses
are optional. If they ame used. they
must group exactly two integer numbers.
The parenthesi.sed form in intended to aid:
readability of the metafi~ej

T~4 (R)<SE?)<R)<SE?)<VDC)<SEP>
(R) <SE?) (R)<SE?) <VDC)

{2*3 real transformation matri.x i.n
raw-major order)

Page X

Add the following to the end of sub-c-lause

DEMTECTABLE DET
DMETCA 1ILITY DE:
DEFER.RAL DL'EFE-R
IDENTrIFIER 1.0
HIGHLIGHTMING HIGHLiL:GHT
PRIORITY FRI
REPRESE~rAT:CON REP
SEGUMEN-r SEC
TRkNSFOR.MA.::cN
UN DLZ -.Z A 3LE Z ODET

Page X

Add the followin~g to the end of th'-e table in sub-clause5.,

BEGIN SEGMELNT BEGSEG
END SEGMENT L.NDSZG
M¶E77AFILE CATEGORY M4FCATE-G%^RY
VDC NCRM4ALIZ.AT:CN VDCNCRM~AL-=A::ON
DEVICE VIZ PORT DEVICEVIEAPORT
DEFERRAL STAT1E DEPSTATE-
CLEAR CLEAR
UP 0AT UPDATE
T7EXT FONT AND PREC:SION TE X -1F 0%7P qE C
CI{ARAC-Ir- VECTORS CM.ARVEC-,CRS
P:CK ICDEN71:FIER PIrCK:D
LINE REPRESENTrAT4:ON L.iNEZR EP

No v 86 :SFC7CI.N-O art



TEXT REPRESENTATION , E
FILL REPRESENTAV60N IRE
EDG REPRESLNTATICN EflGEREP
RENAME SEGM4ENT RENAIMESEG
DELETE SEGMENT OELETESEG
REDRAW ALL SEa4ENTS RE2DRAWALLSEG
SEGMENT TRANSFURMATION S ECTRAN
SEGMENT VISIBILITY SEOIVIS
SEGMENT HIGHLIGHTING SECI{IGflLIGIC
SEGMENT PRIORITY SEGPRII
SEGMENT DETECTABIUITY SECDET

Page X

Add the following to the end of' sub-clause 6.2

BEGIN SEGUMENT :'BEOSEGI
<SOrrsEP>
(I :SEGID>

<TERM>3
ND SESMLVI :: NDSE.G

(TERM>

Page X

Add the following to the end of sub-clause 6.3

=Aa'~ CTCR MFCATECORYI

<BASICCZ4m>

720 NC'R.MAL:TZAr:CN : V'DCNCPvAL:ZX;TCNI
<SCF~'SECp>

<',DC :A LCV A L'-E)

?=ge X3

Add the following to the end of sub-clause 6.5

<SOMEE>
<DP:FIRSTC0RNER>
<SEP>I
(Op :SEC'vNDCOaNE?4z>

SE7 DEFFE-RAL STA7E : S LTD EFERSTA`E

Nov 86 2 1S0/7C97 'SC2! N:4C3 Far-:-



<SEP>
< S'krP R ESS3Ej ALUL0CW E:>

< 76ERIM >

CLEAR x CLEAR

<CONDITIONALLY:ALW4AYS)
<TLE.M>

UPDATE M: PATE
(SOFrSEP>
<PERFORM.-POSTONE>

<TERM>

Page X

Add the following to the en~d of' sub-clause 6.7

TETFONT AND PRECISION : TEXTFONTPREC
<SOFISEP>
<I:FONTINDEX> {%/O)
(SEP>
(STRING CHAR STROKE)

CHARACTER VECTLORS : CHARVECTC.RS
<SO FTSEP)
<DE.LTAPAIR) {char heicht vectc-}
(SE-P)
(DEI-TAPAIR> {char width vectors}

PICK IDENTIFIER :'PICKID
<SOFTSE.P>
<I:SEGID>

<TERM>0

LINE RFPRE:-Z`7AT:CN L.INUE.12
<SCFT;SEP>
(I:BUNDLE!-NZE.X> {pcs::..vej
<SEP>

{isolid. 2:dash
3adoc. 4sdash-doc
5=aiash-dot-dot
<0 impiemevt'n dependent",:

<SEP)
(V: LINE'WIDTH> { nor-negativei
<SF2)
(K: LINECOLR>

<TEROD

4ARKERq REPRESE.NTIATICN : MARKERREP
(SCr-TSEP>
(U: BUNDLEINCE.X> (positive)
(SzF)

Nov 86 3 1S0.TC97,'3C2-',N1403.'Part



(ladot. 2-pilus i
3-asierisk. 4*czrcle
5zmcross (x)
(0 implement'n dependent:

<SEP>
<V : MAR.KERSIZE) { non-negative }
<SEP>
<K: MARXERCOLR>

<TERM

TEEXT REPRESENTATION ::u RE <SOFTSEI
(I: EtJNDLrEINIDEX> {positivel
<SEP)
<I:FONTI,.NDEX> (a/0}
<SFEP>
<RSPAC1YO>

<R:FACTCR)

<K: TEXTCCLR>

FILL REPRESENTATION aFILL.REP

<SQFrSEP>
<I:BCN'DLEZNDEX> (positi~ve)

<HOLLOW: SCUTD PA-4 H-ATC"H E:4?7Y)
<SEP>
<I: HATCHINVE-X> ,=e~:L

(1-hosizotave s2oeria

4ariegative slope
54horiz/vert cross
6--/- sl.ope crossI
<0 impiement. dependern:

<1PT-\D O Psi~tive} I
<SEP>
<(K: F---L CCL.R)

.DERERE-SE.'ZAT:CN EDES
<S0 ETSE.P)
<I :8UNDLEINDEX> (positive)
<SEP>
< : EflGZ7:P E

{I1asolid. 2*dastx
3xdot, 4-dash-dot
5=dash-dot-dor,

(0 i.mplement'n dependent"
<SEP>

<V: E.DGEeiDTH)
<SEP>
( K: ED G EC IdL.3)3

Nov 86 4 IS0/TC97/SC21, N1-4C3,Par: 3



<TERM>

Page X

The following forms sub-clause 6.10

RENAME SE004T: RLNAMESEG
<sOFrSEP)
<I :OL.DSEGID>
<SEP)
<I: NEWSEGID>

<TERM>

DEL.ETE SEGMENT ::=DELETESEG
<SOFrSEP>
<I :SEGID>

<TERM)

REDRAW ALL. SE04MES: REDRAWALLSEG
<TER.M>

SZCGMENT TRANSFORM aSECTRAN

(SOPTSE?)
<I: SEGID>
<SEP>
<TM: TRANSMATRIX>

<TERM>

SEGME.NT VISIBILITY ::SEGVIIS

<SOp7SEPT>
(I :SECID)
<SEP>
<V!:s NVIS>

SEGMtENT HIGHL7GHirNG :SEGHITHLI~jhT

<I: SzGID>
<SEP)
< NOR.%LAL: HIGHL:'GHTED >

<TERM>

SEGMENT PRIORITY ::x <SEOPRI
<SOFTSE.PT>
(I :SEGID>
(SEP>
<R:PRI60RITY> {0<=pr4iori4ty(=6

<TERM>

SE.GMIFNT DETECTABILITY :2<SEGDET)

<SOFTSET>
<II:SEGID)
<SE?>
<DET:UNDET)

Nov 86 5 ISO/T-97j'SC2I N1l4C3, Part
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Accredited Standards Committee Doc. No.: X3H3/87-48

3, INFORMATION PROCESSING SYSTEMS' Date: 13 Feburary 1987
Project: 347M

Ref. Doc.: X3H3/86-187
Reply to: Andrea Frankel

Hewlett-Packard, 611U

16399 W. Bernardo Dr.
San Diego, CA )2::7-1899

Subject: Comments to WG2 on CGFJM Working Draft
(CGM Addendum 1, November 1986)

The U.S. comments on the Working Draft of CGM Addendum I (CGEM), submitted by.

X3H3 as TAG for WG2, consist of this letter and the accompanying document

ANSC X3H3 CGEM Issues Log, Document X3H3/37-46

Editorial comments will be forwarded directly to Anne Mumford, the document editor.
We commend the document editor on the excellent job she has done in producing such a
polished document in a very short time.

Scope and Goals

We would like to point out, however, that the review of this document was considerably
hampered by the lack of a Scope and Goals statement by which to evaluate the
document. It is our understanding, based on discussion at the last WG2 meeting in
Egham, that the CGEM work is expected and intended to encompass support eventually
for both 3D (both GKS and PHIGS) and CGI functionality, and that more than one
addendum is planned. It is also our understanding that WG2 has agreed to include such
work in this first addendum if resources can be found to do it in a timely fashion, such
that support for GKSM is not delayed.

We have not generated issues on these topics because of this understanding. However,
we expect to be able to discuss these Scope and Goals questions at Valbonne, and
formulate issues then if necessary, before voting on DP registration of this document.

Preliminary Issues Log

We would also like to note that the review of this document was hampered by the
lateness of the Preliminary Issues Log, which an-ived after :he close of domestic
balloting on the document j. df. We appreciate getting it late rather than not at all, but
it would have been preferable to have had it to review along with the Working Drai z of
the document.

We expect to bring voted U.S. positions on all of these issues, both ISO and ANSI, to the
WG2 meeting at Valbonne, along with further editorial contributions. As there has not
been time to formulate these positions within X3H3, we are submitting our issues log to
ensure that all of the issues are on the agenda for the upcoming meeting.

"Opmrang www rot proewum of The Amnv/pcs Nrto•ow SmodseoV Inatrure.

X3 splmorm a Comiouto end 8usness Eautoismefnt Menu fucurvrs AnoctatiOn To' 2027 37-uss

311 fg,ri Strwi. N.W. Suite S00. Wastisniton, OC 20001.2178 fax 202638-492.



I
Additions to I.sue CCMA I

New alterntivve

3. No, but the GK.MO set is defined as one of the horthand" enumerutives
for METAFILE ELEMENT LUST. I

New argumentx

c) Pro 3, contra a: GKSM and GKSMO have no difference in smantics of U
elements or in the grammar. The difference between them is strictly a maner
of which elemenu are included, and is thus more appropriately done with
MNETAFILE ELEMENT LIST, since that is its purpose. This satuiles the
need expressed in (a). Lnd is cleaner.

d) Pro 3, contra b: The concept of 'category* should be resen-ed for casei
where the interpreter must treat the metafle differently. These cases Include:

"• a difference in the pars of the ruttafle in which ain element is permitted to
appear. i

"* a difference in the order in which elements are permitted or required to

appear.

" e a difference in required or prohibited element. I
"* disambiguation of semantics of elements with multiple itn:erpretatrcns

Note: argument (a) becomes Pro 3 as well. I

I

I
I
I
I

I
I
I



SAccredited Standards Committee Doc. No.: ×3H3i'-47
27 Febura.r' lr,•

X3, INFORMATION PROCESSING SYSTEMS* Di:. 31 8M

Projct: X3H3,86-187
Re. Doe.: Andrea Frazie!
Reply to: Hewletr-Parkard. 6:.

16399 W Be-nar,.3 D.
San Diego. CA 9::

Subject: Expanation of Sozme CGEM Concepts

The first draft of the Addendum I to the CGM (referred to as the CGEM, or Computer
Graphics Extended Metafile), was somewhat lacking in explanation of the new elements
This led to many comments on Letter Ballot 47, some of which challenged the necess:t'.
for the new elements or raised questions about how they were intended to work.

The breakout group processing the L847 comments decided in some cases not to
generate issues from some of these comments, but to consider them requests for
clarification of the document.

This paper is an attempt to shed some light on two particularly murky areas: the
coordinate mapping scheme, and the notion of metafile categories.

If you feel that the discussion to follow does not answer your questions tor !s
contentious), please generate new issues as part of your response to Letter Ballot ,49 on
the open CGEM issues.

The Coordinate Mapping Scheme

In the original CGM (ANS X3.122-1986. IS 8632, henceforth simply "CG.MX), each
picture in the metafile is presumed to be independent of all other pictures. The VDC
EXTENT specifies the portion of VDC space which is of interest, and this is mapped to
the device's viewsurface isotropically. If the SCALING MODE is set to 'metric', the
metafile is intended to be displayed at the fixed size obtained by interpreting the VDC
EXTENT with the 'scale factor' of SCALING MODE. If the SCALING MODE is set "o
'abstract', there is no guidance as to what size to render the picture. In all cases, the
CGM contains no information to determine where on the device's viewsurface to render
the picture.

In GKS, the NDC (Normalized Device Coordinate) space is treated is a virtual device
viewsurface. The Work.utation Window defines the portion of NDC space to be displayed.
and the Wor.antion Viewport defines the portion of the device viewsurface to which the
Woikstation Window is isotropically mapped. When a COM is created in a GKS
environment, the V'DC EXTENT element is used as the workstation window, and the
DEVICE VLEWPORT function defined in Addendum I is used as the workstation
viewport.

*Oersn# uniae rhe owdioW of Trho Am•em. Neoton*1 SteWodes Imorptu•of

X3 Secf.¶ariat Cowuigr #no ,•us'-nt Etau ¢ -om t M •nufactuorit AvtocatIton Teý 2 "737.,SE

311 irst Stree. NA.. Suite 500. Wa.rsn-pno. OC 20001 .2178 Fsx 202 638-49.-:
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I
When a metalle is interpreted as an audit trail in a GKS environment, the mter-ýreter
needs to know what NDC space-to-VDC space mapping was assumed by :he generatcr I
of the metafile, so that the VDC parameters of control, attribute and primitive ejemen:s
can be properly converted and entered into the GKS state lists and segment store. One
solution to this problem would be to assume that the standard NDC space of t0.0,0.0C•o t
(1.0,1.0) was used, and that NDC space and VDC space are identical. The drawback to
tds approach is that it constrains the metalle to use VDC TYPE "real', whi;h i.s
significantly less efficient on many systems than the use of integer coordinates. If VOC I
TYPE 'integer' is used, one might assume that the default VDC EXTENT of (0,0) to
(32767,32767) would correspond to NDC space; however, the requirement in GKS to
accomodate NDC coordinates within the range ± 7 would create problems for systems
based on 16-bit arithmetic. The solution selected was to specify explicitly the region of U
VDC space which is to correspond to the NDC space of the GKS system. This element
(named VDC Normalization in the November 1986 Working Draft of CGEM Addendum
1) provides a bounding square which encompasses all of the VDC EXTENTS in that I
metalle. (The function of this element might be more easily grasped if it is viewed as
"MAXIMUM VDC EXTENT.)

I
Meafile Categories

The CGM provides several mechanisms by which an interpreter can tell if the metarile :s
one which it is prepared to interpret. The METAFILE VERSION correspond to versions
of the standard. The METAFILE ELEMENTS LIST is an upper bound on the list of
elements used in that metafiie; it can be either an explicitly enumerated list of elements.
or one of the "shorthand" enumeration types - DRAWING SET or DRAWING PLUS
CONTROL SET.

The METAFILE ELEMENTS LIST mechanism is insufficient in light of the changes to I
the CGM standard introduced by its use as an audit trail as well as a picture capture
mechanism, since it is not a matter of simpfy adding new functions. The interpreter
needs to know which type of metafile it is interpreting, as the "GKSM" type may d:ffer I
from the *basic CGM" type in several ways:

"* The overall structuring of the grammar, and hence the metafile, by the choice of
delimuer elements. I

"• Differences in which elements are requred. allowed. or prohibited (i.e., some
combinations of elements may be prohibited, and the appearance of one element maI
require the appearance of another).

"* Differences in where in the metafile an element may appear (e.g., an element may be
a "picture descriptor element' in CGM but a "picture element" in GKSM).I I

"* Differences in the order in which elements may appear.

"* Differences in parameterization (syntax) of a function with the same name.

"• Differences in meaning (semantics) of a function when used in a different categoxy.

Many of these potential differences are the subject of open issues; it is possible that the
last two problems will be eliminated by adopting separate and distinct functions when
the need arises.

The METAFILE VERSION element could in fact solve this problem, if it is ruled
allowable that version "2* correspond to a metafile which incorporates functions or B
follows the grammar or semantics of Addendum I to version I of the standard. This
issue will need to be addressed on a procedural level wi~hin ISO before the issue of
whether METAFILE CATEGORY is needed can be resolved on a technical level. I

X3H3/87-.7 Page 2



The METAFILE DESCRIPTION is provided but its use is not standardized; it could.
however, be used to contain information such as "GKSMO" by agreement between
interchanging parties, and such use could be standardized in the Addendum although it
has not been done so far.

X3H3/87Jf7 Page 3
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I

CGMA Should there be a category -f XSM2C as ,e: as .2' !

Keywords- GKS., GKSMO, category.

Description: The category GKSM includes all GKS f,,;c::ionali:ty I: 7a,
be useful to indicate to an interpreter th.at a-- .t!ese
functions are not required for a particular =etafile.

Alternatives: I
1. Yes. I

2 No.

Arguments:

a) Pro 1: Useful for interpreters in level zero syste:s

b) Pro I: Easy to define as a subset of the GKSM grammar.

History:

-logged at Frankf-rt meeting. I
-holder placed in working draft for GKSMO. U
C42LA2 'How are segments stored?

Keywords: segments.

Description: f
!

Alternatives: 1

1. In line where they occur.

2. In a separate section of the metafile. 3
Arguments:

a) Con 2: not needed by current standards work. l
b) Pro 2: may be useful for symbol libraries used across pictures.

c) Con 2: opens technical arguments re segments and their nature. -he e
metafile should, perhaps just serve the functional standards

History: 3
Alternative I chosen for working draft.

9
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CQA3 How should GDPs be stored in t-•e COM'

Keyw•ors: CDP.

Description: Some of the GOPs whzch wll be reg-stered are a-ready
elements within the COM. Does this affect tle way t.nat
the elements are stored?

Alternatives:

1. As GDPs.

2. As CGM elements if these are available.

Arguments.

a) does it matter - is it a language binding problem"

His tory:

-Logged at Frankfurt meeting.

CGMA4 How should SECGMLNT DISPLAY PRIORITY be recorded.

Keywords: segment.

Description:

Alternatives:

.. real 0-1.

2. integer 0-n.

Arguments:

a) Pro 1: as GKS.

b) Pro 2: as CGI.

History:

-Logged at Frankfurt meeting.
-working draft uses Alternative 1.

9 Jan 87 3 .MMC3MA



1
CGMA5 should DEFERRAL MODESTATE -inc-%.de implic.t regener3:Bz.

mode" 1

Keywords: deferral, regeneration.

Description: GKS has a single function for deferral mode and

regeneration whereas CGI sets Just the deferra. mode

Alternatives:

I. Yes.

2. No. 3
A•g.•ents :

a) Pro 1: as GKS. I
b) Pro 2: CGI function does not include it.

History: 3
-Logged at Fran.kfurt meet.ng.
-working draft includes a GKS-like DEFERRAL STA7E.

CGA6 Wha: order should the transforzation matrix fz:r
TRANSFORM be in?

Keywords: transformation matrix, segment.

Description: There is an incompatibility between the way this is d:oe
in the proposed functional standards.

Alternatives: I -"

Arguments: 1 U
History:

Logged after Egham meeting. I

J
!
I
I

9 Jan 87 4 AMCS•I- I



CM4A7 Do pictures and sessions need to be disti•gnuished'

Keywords: pict-;r'es, sessions.

Description:

Alternatives:

1. CG'M pictures are used for all divisions of 'snapshot' pictures and

for audit draws.

2. Have a concept of 'sessions' as well as 'pictures'.

Arguments:

a) Pro 1: simpler.

History:

Logged at Egham.
working draft to use alternative (1).

CGMA8 How should the transformation from NDC to VDC be

accomplished.

Keywords: transformation. NDC. VDC.

Desctiption:

Alternatives:

1. Use scaling mode.

2. Have new element VDC NORMALIZATION to achieve this.

Arguments:

a) Con 1: uses scaling mode in a different way to that envisaged in
the CGM.

History-:

-Logged at Frankfurt.
-Frankfurt - alternative 2 chosen.
-Egham - straw pole; Alternative 1 (2); Alternative 2 (5); abstentions i2ý,
-Alternative 2 adopted for working draft

9 Jan 87 5 AMMCSMA



CGKA9 Is the term segrent the right one' 3
Keywords: segment.

Description: The term segment carries a lot of impoied mearnng .hicn
is nr.ot necessarily consistent - GKS/CG.

Alternatives:

1. Use term *segment' and let the meaning be environment dependent. I
2. Use term 'group'. 5
Arguments:

I
History:

-Logged at Egham
-Straw pole: 'group' (4). 'segment' (3). abstentions (2) I
-working draf: uses 'segment' I
CGMAIO Where should the formal grammars be located? 5
Keywords: formal grammars

Descrin.cion: The formal grammars will include grammars for t'.e
different categories which will relate to the var-.cus
functional standards.

Alternatives: I
1. In the C,',! Addenda

2. In the standard to which the grammar pertains

Arguments: 3
a) Pro 1: easy to process

b) Con 2: requires addenda or update for the functional standards 3
History:

-Logged at Egham 5
-Straw vote: Alternative 1 (2). Alternative 2 (5). abstentions (2)
-to be left in the working draft

I
I
a
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CQDtAII Should there be a super-grammar?

Keywords: formal grammar.

Description: The addition of elements in addenda to support new
categories could result in these elements appearing in
that category only, or being also included as part of a
global grammar.

Alternatives:

1. Yes.

2. No.

Arguments:

History:

-Logged at Egham.
-Straw vote at Egham 7,1,1.
-working draft to have a super grammar.

CG4MAI2 Should TEXT FONT and PRECISION be added as an element?

Keywords: font, font precision.

Description: GKS has a single element and COM has 2 for this purpose.

Alternatives:

1. Yes.

2. No.

Arguments:

a) Pro 1: raps GKS exactly.

b) Pro 2: unnecessary.

His tory:

-Logged at Egham. working draft to adopt Alternative 1.

9 Jan 87 7.MMCGjMA



CMA13 Should there be an element for HAT-H AND PATTE=N :S:NZ;7,.

Keywords: Latch. pa=:ern. fill area. i
Description: GKS has a single element for :nese. whereas C3M sFp-..-s

these. 1
Alternatives:

1. Yes. £
2. No.

Arguments:

a) There are problems with the bundle tables for hatch index and patzern
index. In GKS they are allowed to follow different rules.

History:

-Logged at Egham, no technical solution emerged, alternative 2 adopted fcr i
working draft.

I
CGMA14 Should there be a WORKSTATION WINZOW element.

Keywords: workstation, window.

Description: GKS has a WORKSTAT:ON WINDOW function. In the COM Annex
E this has been mapped to VDC EXTENT. U

Alternatives: 1
1. WORKSTATION WINDOW is mapped to VDC EXTENT.

"2. Have new WORKSTATION WINDOW element.

Arguments:

a) Con 2: inconsistent with current CGM Annex E. 3
History:

-Logged at Egham I
-working draft to adopt alternative (I).

9U
I
a
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CGRA15 Does REDRAW ALL SECuM'.ENS carry with 4t an implied meaning

on interpretation.

Keywords: segments, redraw.

Description: In GKS the workstation display surface is cleared on this
call. This is not the case in CGI. Can the same
function be used in the metafile. which may have

a different meanings on interpretation.

A1 ternatives:

1. The appearance of the element does not imply any particular action on
interpretation.

2. Have different elements for the GKS, CGM (and any other) meanings so
'-' that the action on interpretation can be guaranteed. \ 'c $

History:

-Logged at Egham.
-working draft to use alternative (.),

CGMA16 U&/%,W ND•Li \ include device viewport
specification units.

Keywords: viewport.

Description: The CGI has the capability for setting the device
viewport specification units to be used. GKS does not
Ihave this capability.

Alternatives:

1. Yes.

2. No.

Arguments:

a) Pro 2: can be added later for CGM.

b) Pro 2: not necessary if the default for device viewport
specification units is the same as GKS.

History:

-Logged at Egham.
-working draft to use alternative (2).

9 .-an 87 9 AMMCZMA



CGMIA7 Should EDGE REPRESENTATION be added with the otnerrepresentation function?

Keywords: edge representation. I
Description: The CGM includes no represent•... n elements so these need

to be added in the addendum. OKS does not need the EDGE
representations although GKS-3D will need them.

A.lternatives: f
1. Yes.

2. No.

Arguments:

a) Pro 1: cleaner addition of elements.

b) Pro 1: well defined for GKS-3D.

c) Pro 2: not needed for GKS. if
History:

-Logged after Egham. I
-working draft uses alternative 1. 1
CGA18 Should the addendum work include the definition of .te:r

types returned in the functional standard? 1
Keywords: item types.

Description: Item types returned to the functional- standards cr. a
metafile input have never been standardized. T,.ere Is a
need for this in order to write standard programs. I

SAlter-natives :

1. No standardization. 3
2. Item types should appear in functional standards.

3. In Addenda. "-% - 3
Arguments: I
History:

-Logged at Egham. 1
-working draft to adopt (3) but (2) is preferable in long term.

J
9 Jan 87 AM'0~ Ia••>
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CQIA.19 How stiouid itemn types b~e d4efined"

Keywords: :-em types.

Description: (;KS Annex _7 ef-.es -tem :yres _-I -:t--~p

Furtther item types W. te n'eel±eý_ fsr :%e 7,!%er
elements and for !%xcltions i.n :ne _-týer stanar~a-!3

Alt ernatives:

I. Use GXS Annex E item types and expand where necessary.

2. Use a new definition for item types.

Argument s:

History:

-Logged at Egham.
-worki.ng draft adopts alternative ',21 and proposes -:i :,pes $ tld e
based on the bina:y op-codes which allows future extens~cn.

CGMA20 Where should the segment elezents appear'

Keywords: Segment.

Description:

Alternatives:

I. :n a group on their own.

2. As part of orher group - se•ment control, segment attributes.

Arguments:

a) Pro 1: as GKS.

History:

-Logged after Egham.
-working draft uses ().

9 Jan 87 i AMMMCGMA



CQ'A21 Ho shouId a categcrý to def:ned'

Keywords: ae:y

Description: 3
I

Al ternatives I
1. As a single name. eg CGM. O(SM.

2. As a list of keywords. eg CG4. GMM. 2D. 30.

Argpnnt~s:

a) Pro 2: sore general. I

History:

-Logged at Egham.
-workIng draft to use alternative (. 1

CGMA22 What group of elements shouid VDC NC .A.:ZA7.:% fa.

into.

Keywords: VDfC Normalization. 3
Description: I

I
Alternatives:

1. Picture Descriptor. 3
2. Control.

3�. Metafile Descriptor. I
Arguments:

History:

-Logged at Egham.
-Alternative 3 used in wcrking draft.

9 Jan 87 12 AMMCG'- 3



CCGXA23 Do Z an! ar4 2PD•E h.ave anty *"P-ed zear.•. f:r--e

Keywords: clear. upd3ýe.

Description: The meanings -, tne worsta:-cn zo=tro -: -
between :he *-nc:;onal! standrds and tne :Z;: :o -e not:
more than one element cr .- o :e %ave tn'.e SS -
this first addend,.;z

Alternatives:

I. Leave interpreter to sort out the asntng - it should kýncw wha: t. 1,;
f•or a GKSM category.

2. Have the CXS meaning for trne f'irst addendus and new e~tzents r
future additions for C=.

Argumen ts:

History:

-Logged at Egham.
-wc-king draft to use alternat';e <.

9 Jan 87 .3 4'.Y'-CZA



credited Standards Committee Doc. No.: X3H3?8,-46 (co er)

INFORMATION PROCESSING SYSTEMS* Dt 13 Feburary 98'
•Pro~c 347M

pet. Dc.: X3N3MI6-06
Rfept tO: Andrea Frankel

Hewlett-Packard. 6l"
16399 W. Bernardo Dr
San Diego. CA 92^:7-1899

Subject: ANSI X3H3 CGEM hones Lot

Letter Ballot 47 on the CGEM generated numerous comments. These were correlated,
and compared to the ISO issues log, which fortuitously arrived in Ft. Collins in the
middle of the meeting (now being distributed as X3H3/17-32). An ANSI issues lo# was
started, containing those issues generated from LB47 (and from subsequent discunison
while processing the letter ballot comments) which were not covered by the ISO log.
There was not sufticient time to discuss and vote thest isues ian either the breakout
group or in X3H3.3; therefore, there are no recommendations Listed.

A number of "major philosophical" issues were identified and discussed in X3H3.3. Not
all of these were written up as issues. Here is the resolution of that discussion:

1. GKSM support: WG2 has decided that GKSM support is the highest priority, we
doubt we couJd derail that, although we might choose to concentrate our etforts on
other aspects of the work. We believe that 'support- does not require a ':I
mapping from GKS functions to CGEM functions. and will continue the approach
we took with CGM, to satisfy many application needs, including (but not limited
to) GKS's.

2. JD support (general): It is our understanding that the work of extending the
metafile will entail adding several addenda. The scope and goals for this work
includes 3D, but W02 will only accept including it in this first addendum if it does
not delay the (2D) GKSM solution. If we want to push for earlier 3D work, we
need to provide a U.S. document editor (volunteers, anyone?) by the VaJbonne
meeting. The Reference Model work is most appropriate arena for deciding the
relationship of CGEM and 3-D, and we should probably do our homework there
before lobbying further on this.

3. PHIGS support: This could not be addressed now; anyone interested in it should
prepare a position paper to be -is-ussed at Tulsa. Again, the Reference Model
needs to be addressed.

4. Segm•ntation (C01 vs. GKS model): The consensus was strongly in favor of using
the CGI segmentation model, as this was designed both to service GKS and to
transcend its limitations. An issue exists, and a position paper will be generated
between now and the Tulsa meeting, explaining how to map GKS functions into
COl functions in this area.

5. Form of the document: There were several commenters who objected to the 'delta
documenr format. This is not a delta document, it is an Addendum to in ISO
standard, and must be done in the form you received. The page number references
could not be filled in as the ISO version of CGM has not yet been typeset; the
Addendum should be less objectionable once those references are supplied, and the
"Concepts sections fleshed out.

7ppe~vopwoe'' r to# peoodwurn of rhe AmWiew Ner,00We SrsW'El~ 1AsI'tha
3 S4Krotrtal, Co"moutef ena au•wous fouwitmet VilecnCturets Assocatliof T 2027 2'481988

311 Ptm Streut. N1W., Suite 500. Wuu.,gtom, OC 20001-2171 fox 202'638-4922



!
U

6. Reduwdom fwuc:unt•aity: Issues were generated for each of the cases. It should be 3
noted that these issues are of greater concern to other SO memoers than they are
to us. While we have objected to these redudancies in the past and will proabi•)
continue to object to them. this i an amea where we will probably be more willng
to compromise in exchange for other more important issues.

This issues tog is in addition to the ISO 1og (X3H3/17-32); you will need to refer to 5
both log to see it sWbes you wish to raise use already covered.

I
3
I
I
3
3
I
I
I
I
I
3
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ANSC X3H3 CGEM Issues Log X3H3; g-46

ANSI.1 Should semantics of all elements in the addendum be unarmbjiuolsý.,
defined?

Keywords: semantics, ambiguity

D"scrlpuion The CQEM is intended to serve a number of constituencies. either
immediately or in the future in additional addenda. Some functions, etg..
CLEAR. have different meanings depending upon the environment and
the client using the CGEM. Should the CGEM assign unambiguous
meanings to aIl elements, or are the semantics variable by application or
perhaps even undefined? Many issues on individual elements may be
answered by the answer to this issue.

Alternatives:

I. CGEM is just a syntactic framework, semantics are by agreement
between exchanging parties.

2. Semantics may vary by Metafile Category, CGMI add'enda w-il
specify the semantics.

3. each element has unique semantics, where different func:tonaiit3 is

needed different elements will be included.

Arguments:

a. pro 3, con I & 2: If different actions or interpretaticns are
expected, then separate elements must be defined.

b. con 1: Insufficient; any metafile which avoids privat.e items #e g.
ESCAPE, GDP, parameter values) should be able to interpreted
unambiguously.

c. pro 1: Consistent with the approach that we are standardiz-ng the
metafile. not interpreters.

d. pro 3, con 2: (2) makes it very difficult for other CGEM users z e
non-GKS) to determine how to use the metaile and may pre-en:
certain uses.

e. pro 2: Smaller number of elements to be defined; more efflcient
use of opcode space.

f. pro 2: (2) is equivalent to (3) in GKS environments, using
category as an opcode prefix", leading to fewer elements.

g. con 2: Forces choice of semantics in 'cgmextl' category, when
client is not clear.

h. con 2: In category 'cgmextl', not all meanings are available; some
are locked out.

i. pro 3: Facilitates coordinating different standards' use of some
encoding opcode space (GDS, CGI, CGEM).

History: Logged at 1/87 X3H3 meeting (Ft. Collins), from LB47;

References (LB47): Apollo/I, HP/T7. PVI/T9, PVI/IC3, SAN/ID, HSi6. DECUS. 6

February 1987, Page 1



I
X3H3i87-46 ANSC X3H3 CGEM Issues Log s

ANSI.L2 Should the contents of the 'drawing set' (shorthand) of Melafile E1ements

List be changed by the addendum' I
Keywordz drawing set, compatibility

Description: The frint addendum has changed the meaning of 'drawing set'. This I
means that an existing CGM interpreter would not properly interpret the
meaning of drawing set. 3

A/teruahtiv~t

1. no, devise a new set to include 'drawing set' plus new elements

2. yes, (as is) allow the meaning to change.

a. pro 1, con 2: (2) violates the ISO rules for Addenda. I
b. pro 1, con 2: (2) will make existing COM interpreters

malfunction. 3
History: Logged at 1/$7 X3H3 meeting (Ft. Collins). from LB47

References (LB47): BOE/3. PVI/CI, PVI/C2, HSiTI 3

F
3
I
I
I
I
I
I
I
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ANSC X3H3 CGEM Issues Log X3H3/1"1-46

ANSI.3 What is the appropriate specification of Viewport for this addendum"

Keywords: viewport, data types

Description: The first draft shows DP, which are *meters or other device-dependent
units* as in GKS. The CGI (D)P9636) has specified a system of viewport
specification which supports several styles of DP units - metric scale,
abstract device-independent, proportional device units.

Alternatives:

1. Retain viewport specification as is in the first draft of CGEM.

2. Revise viewport specification as per the CGI (DP9636).

3. Define DP units strictly as a fraction of the available device view
surface.

Arguments:

a. Pro 2: Use of this method of specification would provide more
flexibility for current users and would provide a basis for future
extensions.

b. Pro 2: Since most CGI control functions will likely become part of
CGM, it would be logical to adopt the CGI approach to the
specification of viewports.

c. Con I. Pro 3: (3) would retain the device independence of CGM.

d. Pro 1. Pro 1: Satisfies GKS.

e. Pro I: Identical to GKS and is all that is required for current
scope.

f. Pro 2: Encompasses all of the'other suggestions.

History: Logged at I 87 X3143 meeting (Ft. Collins), from LB4•7

References (LB47): HPiTI 5, MDCi'T5

February 1987, Page 3



I
X3H3/87-46 ANSC X3H3 CGEM Issues Log S
ANSI.4 What segmentation model should be in CGM addenda?

Keywords: segmentation 3
Description: The current extensions contain a segmentation model that is adequate to

support GKS, but may not adequately support other clients (CGI, PHIGS.etc.) Should another model, capable of supporting other clients in thisand in future addenda, be adopted at this point?

Aiterastlves: I
1. leave segmentation as in the first drift of CGEM, supporting only

GKS-like systems. 3
2. adopt the CGI segmentation model.

Arguments: a. Pro 2: Mapping from GKS to CGM will be identical to mapping I
from GKS to CGI.

b. Pro 2: CGI model is flexible enough to support a variety of
clients.

c. Pro 2: Maintains maximum compatibility with CGI while
adequately supporting GKS. I

d. Con 2: The CGI segmentation model may not be stable enough

e. Con 1: If OKS segmentation is used now, much redundancy mnay
be introduced later in expand:ag to CGt.

f. Pro 1: Simpler and more dire,;t mapping to GKS.

g. Pro 2: GKS implementors' experience with the GKS segmentation
model has resulted in the improved model in COI.

History- Logged at 1/87 X3H3 meeting (Ft. Collins), from LB47

References (LB47): HP/C3, MNI, PUK, BOE/2, MDC/T4, CHIN/8/9/13, HS/T4 I

I
I
I
I
I
I

February 1987, Page 4



ANSC X3H3 CGEM Issues Log X3H3, '8-46

ANSI.5 What functions or elements may be included in segments?

Keywords: segmentation

Description: It is unclear in the draft addendum what picture elements (control,
attribute, primitive) are allowed to occur between BEGIN/END
SEGMENT. Occurrence between BEGIN/END SEGMENT does not
necessarily imply that the element (function) goes into segment storage on
the client system (just as Certain control and workstation functions can
occur in CGI, GKS, etc but do not get stored).

Alternatives:

1. any picture elements may be included, and the meaning will be left
to the interpreting system.

2. any picture elements may occur, and the meaning will be deigned by
category.

3. some restricted set of elements, to be defined, will be allowed.

Arguments:

a. Con I: Portability will be diminished.

b. Con 3, Pro 2: Retain ability to support different environments
unambiguously.

c. Con 3: Will probably preclude supporting toth CGI and GKS (we
have an imperfect crystal ball).

d. Pro 2: Allows more natural mapping between the activities of the
client system and the contents of the CGM.

History: Logged at 1/87 X3H3 meeting (Ft. Collins), from LB47

References (LB47): Apollo/15

February 1987, Page 5



I
X3H3/87-46 ANSC XJH3 CGEM Issues Log 3
ANSI.6 Is the "definedness" of a segment limited to the current picture?

Keywords. segmentation

Description: It is implied, but not clearly explained, that segments are defined within 3
a single picture, and that their definition does not exist outside of that
picture.

1. Yes.

2. No. 3
3. Yes, but segments may be present in Metafle Descriptor, and these

may. be referenced in all pictures.

Artuments:

a. Pro 1: For pictures to be wholely self-contained and logically
independent, all segments referenced within a picture must be
defined within :hat picture.

b. Pro I: Corresponds directly with the way segments are defined by
current clients.

c. Con 2 Metarle is a single driver or workstation. Storage would
be an instantiation of WISS, and reference would be an audit of MO,
hence metafile is being required to record two workstations. 1

d. Pro 2: Provides symbol library facility.

e. Pro 2: Reduces file size.

f. Con 2: If WISS is desired, make a new Metafile Category.

g. Pro 3: Serves GKS adequately and provides non-GKS clients with
a WISS-like or symbol library facility.

History: Logged at 1/87 X3H3 meeting (Fr. Collins), from LB47

References (LB47): Apollo/2 3

II
I

I
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ANSC X3H3 CGEM Issues Log X3H3/' 87-46

ANSI.7 Are such functions as UPDATE, SET DEFERRAL STATE appropriate
in a tuetafile standard?

Keywords: interactive

Description: These functions are typically encountered in interactive systems such as
OKS, and have been included to provide faithful audit capabilites in
GKS applications. It is not clear whether they have a purpose or meaning
in a metafile.

Alternatives:

1. Yes, retain the functions.

2. No, delete the functions.

Arguments:

a. Pro 1: Needed for faithful GKS audit.

b. Pro 1: If session restart is a goal, needed to restore system state to
point of restart.

c. Pro 2: Simplicity. and minimality.

d. Pro 1: Gives the generator )f the metafile the ability to batch
changes at interpretation time in a manner that avoids unnecessar%
regeneration.

e. Pro 1: Argument (b) is also applicable if the intention is to
backtrack and restart at a previous point in the metalile.

History: Logged at 1/87 X3H3 meeting (Ft. Collins), from LB47

References (LB47): MGI/'2

February 1987, Page 7



X3 /3i97-46 ANSC X3H3 CGEM ites 13---t

ANSI.8 Should the "iater~ctjve values of t.e 'deferral m e' "oz ....

DEFERRAL STATE be in the metafilel 3
KeywordL: interactive

Dscription: The meaning of these parameter values I not •lra o i tht tuttsfl
eaviroament. They hsve beta in-cluded to provide fjuthf~l 64d;',

capabilities for GKS. I
Alternaties:

1. Yes, retan the values

2. No. delete the values

3 Yes. but combie to have one value like BN3 of CGO.

Arguments: 3
a. Pro 2: They are meaningless in the absence of input

b. Pro 2: There should be no intaeraction or input mixed ,W ;3
itterpi - arion.

c. Pro 3: The CGM1. conceptually corresponds to a sin&l cc% ::e.
there is no difference between BNIG azd BNIL. 3

d. Pro I: Required for GKS session restart and state restcra'.c:,

ffistorr. Logied at lI/7 X3H3 meeting fFt, Colha•). from LS4 3
References (LB47): HPiT6. CHIN 3

3
I
I
I
J
I
I
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ANSC X3H3 CGEM Issues Log X3H3 S8-46

ANSI.9 Should the METAFILE DEFAULTS REPLACEMENPT encoding in -,e
Binary Encoding be improved'

Keywords: defaults, binary

Descriptloa: The MDR encoding in the Binary (IS 3632/3) is difficult to generate, The
other two encodings have broken the element into a BEGIN END pair
This addendum could add such an encoding to the Binary. while retaining
the current method.

Alternatives:

1. Yes, add an alhernate method.

2. No. leave as is.

Argtuments:

a. Pro 1: W-1i align binary encoding with other encodings.

b. Pro 1: Much simpler to implement.

Historr. Logged at 1,187 X3H3 meeting (Ft. Collins), from LB41

References (LB47): MDC T3

February 1987, Page 9



I
X3H3/187 -46 ANSC X3H3 CGEM Issues Log 3
ANSI.10 Is there a need for the redundant specification of certain text attributes

- CHARACTER ORIENTATION & CHARACTER VECTORS, and the
font and precision elements - or can this redundancy be eliminated'

Keywords: text attributes, redundancy 3
Description: The addendum has included redundant functionality in order to have the

functionality presented in a style that is closer to that of GKS. This
improves the fidelity of the audit capabilities for GKS. However it is not
clear that the redundancy is justified.

Alternatives:

I. No, eliminate the redundant elements

2. Yes, retain the redundant elements 3
Arguments:

a. Con 2: These functions violate the design guidelines of
minimality, conciseness and orthogonality.

b. Con 2: Elements are entirely redundant and should not be added.

c. Con 2: 8632 is adequate to support the needs of GKS and CGI in
this area; elements are not necessary.

d. Con 2. The relationship between the individual aspect source flags
is not defined. 3

e. Pro 2: Maps to GKS exactly.

History- Logged at 1/87 X3H3 meeting (Ft. Collins), from LB47 3
References (LB47): DECUS/5, HP/lb, HP/T$, BOE/4, BOE/18. PVIiTI, PVI T:,

PVI/T3, CHIN/4, HS/T7, CHIN/5

I
I

I
I

I
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ANSC X3H3 CGEM Issues Los X3H3, S8-46

ANSI.11 Does the meaning of TEXT FONT INDEX change In the addendurn'

Keywords: font index, ambiguity, redundancy

Description: In CGM. TEXT FONT INDEX is an index into a table of font
designations, which the user may load with private values. The index is
positive. In GKS, it is more like an enumerative selector, like
LINTETYPE, and private values are selected with negative values.

Alternatives:

1. No; if both meanings are needed, invent a new element.

" Yes, changes by category.

Arguments:

a. Pro 1: Better to have new semantics be a separate element.

b. Pro 2: Avoids unnecessary proliferation of elements, and is more
straightforward.

c. Con 2: Ambiguous meaning in category CGMEXTI.
History: Logged at 1/87 X3H3 meeting (Ft. Collins), from LB47

References (LB47): HPT/7a, HS/T15

February 1987, Page 11



I
X3H3/87-46 ANSC X3H3 CGEM Issues Log 3
ANSI12 Should CGEM coordinate with CGI on opcodes? g
Keywords: opcodes, compatibility, encodings

Description: The data sueam encodings of the CGEM have not been coordinated with
those of the CGI. Should there be a single, unified opcode or name space
which includes all functions of CGI, CGM and CGEM?

Alternatives: 3
1. Any given opcode or function name has exactly the same

panmeterization in all three standards.
2. Allow a small number of *context-dependent (i.e. standard

dependent) variations, only as needed.

3. No coordination other than all are supersets of CGM. 3
Arguments:

a. Pro 1. Pro 2: All three are at the same level in the graphics
pipeline and it is reasonable to expect products which can interpreI
more than one of this set.

b. Pro 3: May expedite the progress of each individual standard.

c. Pro 1, Con 2: Confusing to deal with opcodes of similar but notexactly the same meaning.

History. Logged at 1/87 X3H3 meeting (Ft. Collins), from LB47 I
References (LB47): HP/T14.

I
I
I
I
S
I
I
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ANSC X3H3 CGEM Issues Log X3H3'8"-46

ANSI.13 Should the CHARACTER VECTORS be allowed to change within a
(compound text) string?

Keywords: compound text, text attributes

Descriptiou:

Alternatives:

1. Yes.

2. No.

Arguments:

a. Pro 2: The prohibition on changing the direction of labeling
within a compound text primitive is precisely the reason why IS
8632 has the CHARACTER HEIGHT separate from CHARACTER
ORIENTATION. Allowing such a change within a string would
place an incredible burden on implementors, and for no justifiable
reason (complicating text alignment calculation).

b. Pro 2: Since GKS does not contain the concept of compound text,
this GKS-ish element ( if allowed to remain in CGEM at all) need
not be incorporated in compound text.

c. Pro I: Introduces new capability to label along a curve, as in
PostScript, which is useful.

d. Contra c: Creeping functionality!

e. Contra c: Can do this already, without doing it in a compound
string. Doing it in compound text only adds the ability to do tex:
alignment on the entire string, which is probably useless in this
situation.

History: Logged at 1/87 X3H3 meeting (Ft. Collins), from LB47

References (LB47): HP/T9

February 1987, Page 13



X3H3/87-46 ANSC X3H3 CGEM Issues Los 3
ANSLI4 Should CGEM incorporate the Font work of SCI8 at the present time"

Keywords: fonts, text attributes

Description: The current text attribute model does not align well with current 3
typographical practice that is reflected in the Font ID and description
activities of SCIS.

Alternatives:
1. Yes.

2. No. 3
Arguments:

a. Con 1: This is premature until we have a proposal to evaluate. 3
b. Con I, Pro 2. If the models are sufficiently different, it may be

cleaner to add TYPOGRAPHICAL TEXT and leave the graphical
text model as is. 3

Historry Logged at 1/87 X3H3 meeting (Ft. Collins), from LB47

References (LB47): MDC/T7 3

F
I
I
t
I
U
I
I
I

February 1987, Page 14 3



ANSC X3H3 CGEM Issues Log X3H3, 37-46

ANSI.15 Should the scope of Addendum I cover additional stable CGI
functionality?

Keywords: scope

Description: For example. CIRCULAR ARC CENTRE BACKWARDS. CLOSED
FIGURES. PIXEL ARRAY.

Alternatives:

I. Yes.

2. No.

Arguments:

a. Pro 1: Increases perceived utility of the extended standard.

b. Pro 1: implementors of COM are already asking for this.

c. Con I: An issue will have to be generated for each proposed
element to examine potential side effects.

History: Logged at 1,87 X3H3 meeting (Ft. Collins), from LB47

References (LB47): MDC/T., MGI/i

February 1987, Page 15
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X3H3/87-46 ANSC X3H3 CGEM Issues L•g

ANSI.16 What is the intended result when SCALING MODE and DEVICE
VIEWPORT appear in the same metafile? I

Keywords: Scaling mode, Device Viewport

Despflpdon The occurrence of both is possible only in the super-grammar, Priority

of one over the other needs to be defined.
Alternatives:

1. Use the last specified.

2. Prohibit any instance of a metaftle from having both. I
3. Work out an effect of the combinlftion of the two.

Arguments: -_ - 3
L. Con 2: The current philosophy of the super-grammar does nct

allow this option.
b. Pro 2, contra a: This is simple enough to change. Who said the I

super-grammar can't have sensible restrictions in it?

c. Pro 1: This is an adequate solution for a well-defined result. 3
d. Con 3: Any useful effect can be accomplished by one or the other

e. Pro 3: Some combinations may be valid and need to be explained. S
f. Pro 2: Cleanest solution.

g. Con 1, Pro 2: These are two inherently different approaches to
adding presentation directives to the metafile, and there is no reason 3
to mix them. It would only increase confusion.

History: Logged at 1i/87 X3H3 meeting (Ft. Collins), from LB47

References (LB47): HP/T4

I
I
I
!

I
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ANSC X3H3 CGEM Issues Log X3H3, 87-46

ANSI.T What should be the data type for segment id?

Keywords: Segment identifier, data types

Description:

Alternattlv

1. N (Name).

2. I (Integer). (as in November '86 draft)

3. SN (Segment Name).

Arguments:

a. Pro 1: Matches GKS.

b. Pro 2: Matches CGI.
c. Pro 3: More virtual, yet specific to segments.

History: Logged at 1/87 X3H3 meeting (Ft. Collins), from LB47

References (LB47): BOE/20, HS, PVI/T4
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I
X3H3/87-46 ANSC X3H3 CGEM Issues Log 3
ANSI,18 Does the transform matrix need a data type? 3
Keywords: data types

Descriptioaw The components of the transformation matrix are of two different types.
Should a data type be assigned to the matrix?

Alternatives: 3
1. Don't associate a data type with the transformation matrix.

2. Add a data type for the transformation matrix.

Arguments:I

a. Pro 1: A new data type does not have to be added.

b. Pro 2 Cleaner. 3
c. Pro 1: Separate parameters are easier to write into and read from

the metafile.

d. Con 2: The matrix is adequately described by the data types of its
components.

e. Pro 1: Matches GKS. 3
History: Logged at 1/97 X3H3 meeting (Ft. Collins), from LB47

References (LB47): BOE/22 3

I
I
I
I
I
I
I
U
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ANSC X3H3 CGEM Issues Log X3 /3i87-46

ANSLI9 What should be the data type for METAFILE CATEGORY?

Keywords: data types, category

Description:

Alternatives:

1. enumerative

2. index

3. other

Arguments:

a. Con 1: *Enumerative" implies a complete and closed set, and this
usage would be inconsistent with that. In some environments (e.g.
Pascal) problems can arise if the set changes. *Index*, as used for
LINETYPE, might be a better choice.

b. Pro 1, contra a: you're fighting an old battle. CGM (an ANSI and
ISO standard) defines the enumerative data type as extensible
through private and registered values. This usage is entire]v
appropriate.

c. Pro 2: Fewer problems in language implementations when set is
extended.

d. contra c: Language implementations will already have to de-i; with
this, since CGM has other enumeratives which can be extended.

e. Pro 2: Better suited to private values.

f. Pro 1: More informative --GKSM" conveys more than ",
especially in a Clear Text environment!

History: Logged at 1/87 X3H3 meeting (Ft. Collins), from LB47

References (LB47): Apollo/18b
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X3H3/87-46 ANSC X3H3 CGEM Issues Log 3
ANSI.20 Are segments clipped before or after segment transformation? 3
Keywords: segmentation, clip, transformation.

Description: 3
Alternatives:.

1. Clip before segment transformation.

2. Clip after segment transformation.

3. Unspecified, i.e. implementation-dependent. 3
4. Category-dependent.

Argiuments:l
a. Con 1: Does not support GKS.

b. Pro 2: Adequate support for GKS.

c. Con 3: Unacceptable to have unpredictable results.

d. Pro 4: Can support current clients and future clients with non-
GKS clipping model. 3

History: Logged at 1/87 X3H3 meeting (Ft. Collins), from LB47

References (LB47): Apollo/I 3

1
1
1
U

I
1
1
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ANSC X3H3 CGEM Issues Log X3H3/87-46

ANSI.21 What meaning is attached to 'BEGIN SEGMENT ( A ) when segment
"A" exists?

Keywords: segmentation, formal grammar

Description: A sequence of syntactically correct elements may be in error on
interpretation depending on the specific parameter value (segment name).
For example,

(I)
BEGIN SEGMENT ( A)
END SEGMENT
DELETE SEGMENT ( A)
BEGIN SEGMENT ( A) -- > this is ok

(2)
BEGIN SEGMENT ( A)
END SEGMENT
BEGIN SEGMENT ( B) -- > this is ok

(3)
BEGIN SEGMENT (A)
END SEGMENT
BEGIN SEGMENT (A) -- > this is the problem

Alternatives:

1. Syntax error. (e.g. page 42 CGM)

2. Equivalent to APPENDSEGMENT function.

3. Unspecified. i.e. implementation-dependent.

4. Category--dependent.

Arguments:

a. Pro 3: CGM standardizes the metafile, not the interpreter. This
question addresses interpretation and is in the scope of the client.

b. Contra a, Pro 4: This can be addressed as a question of syntax.

c. Contra b, Pro 3: Our formal grammar has no conditional constructs
to handle this! This is NOT a question of syntax. You are asking to
put run-time resource management into a formal grammar, where it
doesn't belong.

History: Logged at 1/87 X3H3 meeting (Ft. Collins), from LB47

References (LB47): Apollo,'I
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X3H3/87-46 ANSC X3H3 CGENI 1siles Lý,!

ANS122 What data type should the PICK IDENTIIFER be' 3
Keywords: PICK IDEIFIER, data types

De•scrptlon: In other stuadds. idtntifienrs am defined as 1NTEGER data. In the 3
interest of consistency, it might be best to define the PICK IDENTIFIER
as INTEGER. thus eimiouting the need for a stomte NAME data type

I. Retain dam type 'V. for PICX IDENTIFIER.

2 Change to data type IN7EGER. 3
Arguments:

a. Pro 2: Con j: is not consistent with other identifie I
b. Pro 1, Con 2: inconsistent with GKS,

c. Contra b: SEGMENT IDENTIFIER might become NAý'"- ai'-r

History- Logged at 1/87 X3H3 meeting (Ft. Collins), fror- t.T34

References (LBA7): HST:T7. PVi4 3

F
I
I
3
I
I
I
I
I
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ANSC X3H3 CGEM Issues Log X3H3,87-46

ANSI.23 Should a PICK PRIORITY element be added, separate from the
SEGMENT DISPLAY PRIORITY element?

Keywords. PICK PRIORITY, SEGMENT DISPLAY PRIORITY

Descriptio: PICK PRIOT,1 iY does aot appear in clause 5 and needs to be defined as
either a unique element, or as part of the SEGMENIT DISPLAY
PRIORITY element (as implied in clause 4).

Alternatives:

I. Yes.

2. No.

Arguments:

a. Pro 1: like CGI.

b. Pro 1: more flexible and can handle CGI, GKS and other future
clients.

c. Pro 1: is orthogonal.

d. Con 1: is less efficient for GKS.

e. Pro 2: like GKS.

History: Logged at 1/87 X3H3 meeting (Ft. Collins), from LB47

References (LB47):
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X3H3/87-46 ANSC X3H3 CGEM Issues Log

ANSI.24 Should a value of two (2) be used for the Metaille Version element in
metafiles that contain items from, or follow grammars of, CGMO
Addendum I?

Keywords: Metafile Version, compatibility

Description: The presence of items in a metarile from Addendum I would adversely '

af•fect current CGM implementations that attempt to process it.

Alternatives: I
1. Yes.
2. No.

Arguments:

a. Pro 1: prevents problems with using extended metafiles with
current interpreter implementations.

b. Con 1: may violate the ISO rules governing the use of the Metafile
Version element (i.e. is this an addition or a change?). 3

c. Contra b: If this is a problem, we can certainly find a solution, su:•h
as adding the line "However, metafiles using grammars or elements
defined in addendum I are to include METAFILE VERSION with
value '2"" after the current line describing the version as '1.

d. Pro 1: this is exactly what the METAFILE VERSION was
intended for, namely, to let an interpreter know that it had
encountered a metaflie using constructs not known at the time the
interpreter was written.

History: Logged at 1/87 X3H3 meeting (Ft. Collins), from LB47 3
References (LB47):

I
U

I
I
I
I
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ANSC X3H3 CGEM Issues Log X3H3/87-46

ANSI.25 Should the discussion of conformance include references to generators
and interpreters?

Keywords: generator, interpreter, conformance

Description:

Alternatives:

1. Yes.

2. No.

Arguments:

a. Con 1: COM explicitly excludes this and the Addendum should be
consistent.

b. Pro 2: this is currently being handled by client Application
Profiles.

c. Con 1: if in a standard, it belongs in the client standard of the
relevant category (i.e. GKSM).

History: Logged at 1/87 X3H3 meeting (Ft. Collins), from LB47

References (LB47): NBS, MDC/T8
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ANSC X3H3 CGEM Issues Log X3H3,'& -46

ANSI.27 How is conformance with CGM Addendum I to be defined?

Keywords: conformance

I Description:

Alternatives: 1. Levels .

2. Categories.

I Arguments:

a. Pro 2: conformance by category is easily defined and tested.

b. Pro 2: categories can be accurately tailored to a particular
constituency class.

c. Con 1: levels are only meaningful if all desired variations have a
strict su perset/subset relationship.

d. Pro I: matches GKS.

History: Logged at 1/87 X3H3 meeting (Ft. Collins), from LB47

References (LB47): NBS, MDC/T8
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X3H3/87-46 ANSC X3H3 CGEt Issues Log

ANSSL28 Should Deferral Mode have a default listed in clause 6? 1
Keywords: Deferral Mode, default 3
Description: Since the default CGM category is 'Basic', it may be invalid to list a

default for an element that does not exist in the default category. 3
Alternatives:

1. Yes.

2. No.

3. Wdefaults are defined but only apply to the category in which they
appear. a

Arguments:

a. Pro I: CGM currently has no deferral mode, so the metafile
category 'basic CGM' should not contain this element.

b. Contra a: It is not a problem, as long as the default deferral mode
matches IS8632 (ASTI, by inference). 3

c. Pro 2: AU modal elements require a default setting by definition.

d. Con 1, Pro 3: clause 6 is intended to be a complete list of defaults

(for reference' purposes).I
e. Con 1: the DEFERRAL MODE element needs to have a default.

History: Logged at 1/87 X3H3 meeting (Ft. Collins), from LB47 3
References (LB47): Chin/Il

II

I
I

I
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X3H3/87-65
Accredited Standards Committee Doc. No.:

X3, INFORMATION PROCESSING SYSTEMS* 25 Feburary 198
X3,Oat.: 347M

Projec: X3H3/86-187
R4f. Doe.: Lofton Henderson
Reply to: Henderson Software

P.O. Box 4036
Boulder, CO 80306

- or -

Andrea Frankel
Hewlett-Packard, Bldg. 61
16399 W. Bernardo Drive
San Diego, CA 92147

Subject: U.S. Editorial Comments on CGM Addendum 1 (Working Draft)

Comments on Part I

1. An introduction stating the scope, need and purpose of the addendum is needed.

2. The need for VDC NORMALIZATION is not made clear. The justification given
in recent working meetings involves interpretation of metafiles in GKS
environments. The document should explain the element's relation to other elements
affecting the transform (VDC EXTENT, DEVICE VIEWPORT) as well as to terms
such as 'the NDC of the graphics system" and "physical device units'.
Restructuring (or at least renaming) the functionality as MAXIMUM VDC
EXTENT might make the explanation easier, since it would then describe what
information the element conveys rather than what GKS does with that information.

3. There are references throughout to *extended metafile'. This should not go in the
text of the addendum, as the addendum becomes part of the standard identified as
ISO 8632. That is, there will be no distinction between the CGM standard and the
"extended CGM standard' when the work is complete. Any discussion that needs to
refer to the contents of this addendum as opposed to the original version of ISO
8632 should specifically refer to Addendum 1.

4. While all parts reflect a basically uniform direction, there is much inconsistency
between them (for example, the encodings of SEGMENT TRANSFORMATION in
parts 2, 3, 4 are all different). This should be corrected in the text submitted for
DP registration.

5. The need for METAFILE CATEGORY is not made clear. Its meaning and
relationship to other elements such as METAFILE ELEMENT LIST should be
clarified. Some of the functionality should be sorted out as well - e.g., the
elements allowable in a category can be handled by the METAFILE ELEMENT
LIST. It should be made clear what can vary across categories - element lists?
grammar? parameter ranges? semantics? Material is needed in the document
explaining what does vary with category and how - it is only in the annexes now.
(See the U.S. comments on issue CGMA1, submitted to WG2 in document
X3H3/87-48.)

"Oveeranp u•ew the. pecouemg of The Amw,€ca Not'onI& Standawils Iffftare.
X3 5ocvmieit Catutol, and aist RnIM ESu meflne Menufl aCluretn Aaacioi-Oan To' 202 37-M8888

311 formi Stroll. NW.. Swi 500, Wmas","9. OC 20001.2178 Foa 202/838-49;2
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6. The important task of specifying which elements are required for particular 3
categories of metafiles, wnich are prohibited, which are allowed, and in which
order they are constrained to appear, must not be left to an annex which is not part
of the standard (and it definitely should not be buried in the formal grammar.
which tends to make many persons' eyes glaze over when they try to read it). The
exact organization and contents of metafiles tailored to perforia as GKSMs of
various types should be detailed as early in the document as possible; it would
appear to fit nicely as a new subsection of 4.10 where the "Conceptual State
Diagram" is presented.

7. Even though we have always claimed that the CGM standardizes the metafile, not
the interpreter, it was relatively straightforward for an implementor to read IS 8632
and determine what was expected (if not actually required) of his product. With
the introduction of more than one type of metatile, this is more difficult to
determine.

The document would benefit from a discussion of C3M interpreters vs. CGEM
interpreters, preferably accompanying the specification of the different types of
metafiles proposed for Clause 4 (Concepts), but at least in Annex D if nowhere I
else. The present D.5 should be expanded to includ.. capability lists for CGM
interpreters (what is currently' in IS 8632). as well as for the different GKS
relationships; a chart similar to the CGI's new Constituency Profiles OP96x36)
might work well here.

8. part 1, p.1 - a clear definition of "session capture" is lacking. More material is
needed in clauses 0.5 and clause 1, paragraph 3. 1

9. part 1, p.1 - a) "This picture description*...we should be talking about a file
format, not a picture description; b) "includes...session capture requirements". How
can *requirements" be included in a picture description or file format? I

10. part 1, p.1, last line - change "elements" .to "blocks of elements".

11. part 1, clause 3 - glossary entries are needed for picture, session, session capture,
dynamic picture regeneration. I

12. part 1, p.2, 4.2 - we infer from this that segments must be contained wholl.
within a picture body. Some more discussion and clarification is needed to show I
how segments fit in with the other delimited parts of the metafile (metafile
descriptor, picture descriptor, picture body).

13. part 1, p.2, 4.3 - Last sentence - replace through ";" with "There is a single set of 3
defaults applicable to all categories, specified in Clause 6 of this part;"

14. part 1, p.3, 4.3.2.3 - Change "conforming to" to "necessary to support".

15. part 1, p.3, 4.3.2.3 - BEGIN/END SEGMENT do not belong in the GKSMO set.
Nor do CHARACTER SET LIST or CHARACTER CODING ANNOUNCER. We
presume this is editorial oversight.

16. part 1, 4.3.2.3 - state correct GKS reference to "GKS IS 7942 Level lam.

17. part 1, p.4, 4.3.2.4 - Revise to refer to GKSM0 and just list the additional
elements. 1

18. part 1, p.4, 4.3.2.4 - CHARACTER SET LIST and CHARACTER CODING
ANNOUNCER do not belong in the GKSM set.

Page 2 U.S. Editorial Comments on CGEM X3H3i87-65



19. part 1, p.3, 4.3.2.3 and p. 4. 4.3.2.4 - FONT LIST may need to be deleted from
the GKSM and GKSMO sets as well, but this hinges on the resolution of ANSI
issue II.

20. part I, p.5 - 3rd line should read DEFERRAL STATE.
21. part 1, p.6 - second item, there is confusion between deferral state and deferral

mode. Check usage throughout for correctness.

22. part 1, p.9 - segments may also be renamed.

23. part 1. p.9 - usual CGM style for a section titled "xxx Elements" is to talk about
the elements. This section does little of that.

24. part 1, p.9 - why are BEGIN SEGMENT and END SEGMENT not mentioned in
this section?

25. part 1, p.10 - there are now four shorthand names.

26. part 1, p. I -- The element descriptions (5.2.6, 5.2.7) should include a statement of
where the elements may appear.

27. part I, p.11, 5.3.16 - the descriptive style is GKS-like. For CGM. "..informs theU metafile interpreter.." would be better.

28. part 1, p.11, 5.3.16 - 'cgm' is the usage here, whereas 'basic cgm' is used
elsewhere.

29. part I, figure 12 (Conceptual State Diagram) is out of date. Lt needs to include
segments.

30. part 1, p.11 - the meaning of CGMEXTI is never explained.

31. part 1, p.13 - why are the expected actions of CLEAR and UPDATE not
specified?

32. part 1, p.15, 5.7.9 - What happens if the ASFs are mixed? This is mainly a
problem of explanation.

33. part 1, p.16 - first item, "second paragraph" should be *second sentence".

34. part 1, 'p.16 - references to "structure" should be to "data structure" instead, to
avoid confusion with PHIGS structures.

35. part 1, p.16, 5.7.38 - The last paragraph is inappropriate to a metafile standard and
should be deleted.

36. part 1, p.22 (5.10.5) and p.23 (5.10.8) - Picking is not done in the metafile, to a
metafile, or by a metafile; it is a function of the software using the metafile. All
references to picking and pickability should therefore be removed from the
metafile, as the subject is treated completely in GKS (and in any event, is outside
the scope of the metafile standard, as is any discussion of the use to which metafile
elements may be put). For example, the NOTE in 5.10.5 is inappropriate to a
metafile standard and should be deleted.

37. part 1, p.23, Clause 6 - Delete RENAME SEGMENT through REDRAW ALL
SEGMENTS.

38. part 1, p.24, - the description of SEGMENT TRANSFORM is appropriate for a
procedural standard, not a file format standard. More generally, this comment
applies to all of the text taken from the GKS standard. Rephrasing for a file
format standard is needed throughout.

X3H3/87-65 U.S. Editorial Comments on CGEM Page 3



I
39. part 1, clause 6 - all functions whose default is listed as "n/3' should simply be 3

deleted. The concept of a default is not applicable to an element such as
RENAME SEGMENT any more than it is to a primitive such as POLYLINE,
which you will notice is not included in this list in IS 8632. 1

40. part I, clause 7 - text needs to be added requiring that the elements in a metafile
correspond to the category.

41. part 1, Annex E - Annex E will need much more added to it, as the relationship 3
of GKS to CGM is different from the relationship of GKS to metafiles
corresponding to 'GKSM', 'GKSMO', or 'CGMEXTI'.

42. The brain boggles at the proliferation of formal specification included in this draft.
We see no reason for both Annex F and Annex G.

The formal specification of the new functions should be added to the appropriate I
places in Annex A, just as their functional specifications are to be added to the
appropriate places in Clause 5. Redundancy is dangerous, as it creates the
possibility of conflicting versions in different places, not to mention leading to a I
waste of trees!

In integrating the 'formal grammar into Annex A, try inserting a new root
production:

<generalized metafile> ":- <metafile>
I -,gksm>
I cgksmO>

S<extended cgzn>

where <metafile> is the root production of IS 8632's Annex A.

43. part 1, annex A - add a note at the beginning stating that this is the grammar for
category CGM. I

44. part 1, p.26 - move <identirier>::=<string> to follow <metafile> on p.25.

45. part I. p.26 - move <metafile category> after <metafile description>. 3
46. part 1, p.26 - the fourth line of <identification> is indented too far, so that it

"looks like a parameter of the previous. See also annex G.

47. part 1, p.26 - 'gksmO' is omitted from <category enumerated>.

48. part 1, p.31 - inconsistency, "primitive attribute elements" or "attribute elements"?

49. part 1, p.31 - include <pick identifier> in the "Attribute Elements" section. 1
50. part 1, p.35 - <identifier> is duplicated, but this time defined as <integer>.

51. part 1, p.36 - "o" is missing from the last production of this section. See also
annex G. 1

52. part 1, p.37 - "colour" and "precision", abbreviated as "col" and "prec", are fully
spelled out in the description of the formal grammar.

53. part 1, p.38 - move <VISIBLE> and <INVISIBLE> after <EXTENDED $-BIT>
and insert <CLOSEVISIBLE> and <CLOSEINVISIBLE>.

II
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54. part 1, p.39 - add <COLOUR VALUE EXTENT> after <MAXIMUM COLOUR

INDEX>.
55. part 1, p.43 - <category> can't be optional for the grammar of a GKSM metafite.

otherwise it is not possible to announce that this is GKSM.

56. part 1, throughout - In text lifted from CGI and GKS the word 'function" occurs
-- frequently. Change to "element".

57. part 1, p.6, 4.3.4 - Reword. "VDC NORMALIZATION defines an isotropic change
of coordinates. It can be used, for example, to define the correspondence between
a sub-range of the metafile's VDC range and the normalized coordinate space of a
recipient graphics system." Repeat this for p.11, 5.3.17.

58. part 1, p.6, 4.5.3, 2nd paragraph - "deferred" should be "deferral*.

59. part 1, p.6, 4.5.3, BNIG - add "on the interpreting system" after "device".

60. part 1, p.7, top of page - add *In table 1, 'may not be bundled' column, add
CHARACTER VECTORS at the end".

61. part 1, p.9, 4.12, 2nd paragraph - Change "functions stored inside" to "elements3 within".

62. part 1, p.17, 5.7.39 - The paragraph for "colour" is missing. See the other
representation setting elements for missing text.

63. part 1, p.24, E.7 - Change "will be" to "is".

64. part 1, p.25, F.3.1, 4th line - T1" .- should be a plus, "+", after <metafile
conitents>.

I 65. part 1, p.26, F.3.2 - Add GKSM0 to <category enumerated>.

66. part 1, p.26, F.3.2 - "" shotAld be "÷" after <element name>.

67. part 1, p.36, F.3.9 - <name> is nowhere. It is <integer>, not a terminal.

68. part 1, p.36, F.3.9 - <transformation matrix> is <real>(4) <vdc>(2).I
Comments on Part 2

69. part 2, p.2, 8.2.16 - Add GKSMO.

70. part 2, p.2, 8.2.17 - Typo in "V<VDC>".

71. part 2, p.1, beginning - Datatype "Device Point" is not defined anywhere.

72. part 2, p.4, 8.6.40 - The comments, (..), are for line, not marker.

73. part 2, p.6, 8.9.5 - "visibility" should be "visible".
74. part 2, p.6, 8.9.7 - Is this SEGMENT PRIORITY or SEGMENT DISPLAY3 PRIORITY?

X3H3/87-65 U.S. Editorial Comments on CGEM Page 5
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Comments on Part 3 I

75. part 3, p.all - All references to FP and FPR are incorrect. The references should
be to R and RR. I

76. part 3, p.1, beginning - Table I needs to be updated to define DP. Device Point.

77. part 3, p.2, code 7 - The entire discussion is inconsistent with Part I, clauses 5
and 6. I

78. part 3, p.3, table - The 'length' and 'range' columns are wrong for all of the
representation elements.

79. part 3, p.5, code 4 - It is incorrect that the components of the 2W2 submatrix can
be called scale or rotate. All 4 reflect rotation. Also, the order is wrong and
should be made to match part 2.

Comments on Part 4

80. parn 4, p.1, 5.3.5 - "COORDINATE" in DP definition should be "POINT. I
81. part 4, p.1, 5.3.5 - The order of entries in TM definition is wrong and should be

made to match part 2. Also "row major" should be "column major".

82. part 4, p.l. 5.4.4 and 5.4.5 are inconsistent - "DEFERRAL" is shown abbreviated
as "DEFER', so DEFERRAL STATE should be "DEFERSTATE", not "DEFSTATE"
as shown.

83. part 4, p. I - for the Clear Text Encoding of the new elements' names, we suggest
abbreviating a few more of the words:

DEVICE -, DEV
HIGHLIGHT HIGHLT or HILT
VIEWPORT - VIEWPT

The "List of Approved Abbreviations for Bindings" (TC97/SC21/WG2 N349) shows 3
that no abbreviation has yet been assigned for "device" or "viewport". The
abbreviation for "highlighting" is "highlight", which is a grammatical mapping
rather than an abbreviation per se.

84. part 4, p.2, 6.3 - Add 'GKSMO' to. match Part I (the list is incomplete). Also, use
the "T" character to indicate that only one of the types is specified in the element.

85. part 4, p.2, 6.5 - The verb "SET mysteriously crept into the encoding of 3
DEFERRAL STATE; it should be deleted. (Note: CGM does not use "SET" for
any of its attributes or controls, as the CGM contains elements rather than
functions.) 3

86. part 4, p.3, 6.7 - What is (-/0)?

87. part 4, p. 5, 6.10 - There is an extraneous "<" before the production of SEGMENT
PRIORITY.

II
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Table 1: Results of Vote on ISO Issues

I ISO Issue Alternatives No New
Number 1 2 3 Preference Alt.

2 2
3 .7i.

ZZ 0

I I - -• • -

6 4
7 40 4 - 0

33

9 -Z I - 4
10 1, 13 - -i

13

I14 4Q - 1
167 3

18 4 71b 0
19 G 30 - IG 3
20 33 4 - t4 4
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Table 2: Results of vote on ANSI Issues3

ANSI I'ssue al~na~e w oNe
Numbe: i 2 3 4jPreference A~t.
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Minutes of CGEM Rapporteurs Meeting
Sophia-Antipolis
18 May 1987, Afternoon
Attending: E. Moeller (Rapporteur), A. Mumzford (UK), B. Trocherie (France)

F. Dawson (US), L. Henderson (US), P. Eglof (Germsny),
H.G. #ufka (Germany), . do (Italy)

E. Moeller opened the meeting and welcomed delegates. Thank were given to Anne Mumford for

a fine job on the draft Addendem I and the preliminary issues log.

The Egham minutes were approved unanimously without change.

B The following documents, distributed since Egham, were reviewed:

1. Working draft CGM Addendum number I - N1403;

2. CGM Addendum Initial Issues Log - N529;

3. Minutes of the Egham meeting - N334;

4. US Comments on N1403;

5. Comments on N1403 from France, UK, Austria - N558;

8. CGM Addendum #2 proposal from UK - N531.

New documents were given temporary numbers-

1. SA1 - summary and clasification of N1403 comments and issues;

S2. SA2 - AFNOR comments on N1403;
3. SA3 - Guidelines for Implementing GKS Segments with CGI (US);

4 . SA4 - 3D Graphics Metafiles, E.Moeller;

5. SAS - PHIGS/GKS 3D metaile, PHI.GKS.M.

Eckhardt called for a volunteer to be issues librarian. No one volunteered yet. Mumford thinks
it possible that she may be able to continue as document editor for the 3D addendum, but this is
uncertain at this point.

5 Liaison meetings with other Rapporteur groups were announced - CGI for Tuesday morning, 19
May; 3D for Friday morning, 22 May.

Technical discussions began with a discussion, initiated by Dawson, of perceived critical needs in
CGM for drawing control functions and other functions to support constituents in design and
engineering and in mixed document applications. It was pointed out that our scope was limited
on Addendum 1; Mumford reported a UrK position that we should not keep spawning new work
(items), but stick with our scope and finish tiat work. Dawson and Henderson pointed out that
potential constituencies of CGM will be lost if their needs are not addressed.

The group decided to: take the issue back to national delegations for guidance; and discuss the
topic later in the meeting and come up with a Rap group position on what our role should be and
how we should proceed.

Mumford pointed out that UK and France had both identified the *item types issue as an
important and asked if it shouldn't be put on the agenda. It was pointed out that it will have to
be discussed because it is an open issue.I
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Discussion turned to ANSI.1 in the issues: variable or fixed semantics for elements. US feels $
semantics should be uniquely defined. UK feels alternative semantics should depend on category.

Borula - category is an indication that a particular subset is to be used, in some limited way.
Major problem with sematic-free metahle is in global grammar. Some discussion of over-use of
opcode space - not problem in binary but could be in character. It was remarked that 'category'

isn't needed at all if don't vary semantics. 3
Straw vote on alternativer

Alt 1 - CGEM is just syntactic framework - 0
Alt 2 - semantics depend on category - 4 I
Alt 3 - semantics uniquely defined - I

abstaining, 1; missing, 1. 3
Discussion turned to whether our scope is limited to just GKSM at this point. US feels additional
stable CGI functionality should be included. UK questions what defines *stable".

Discussion of ANSI.26: must there be a 1-to-1 mapping GKS to CGEM or is 'close support*
adequate. There seemed to be a general feeling in the group that 'close cupport" was adequate.

Discussion of BSI 2.1: should CGEM allow for nested segment structure, and should I
BEGIN/END SEGMENT be delimiter elements or some other class. UK was concerned about
implications by being Delimiter Elements. There was a weak consensus to leave things as they
are.

Discussion of ANSI.$: there seemed to be much interest in a symbol library facility. SOme
discussion of whether the segments should be in the MD or in scme other block, whether they had

immediate visibility for all pictures, etc. It was agreed that a tentative technical proposal should
be completed, the group should look for technical problems, and the impact on the schedule
should be examined (delaying GKSM would be bad). 3
Discussion of problems with anisotropic COPY transformation: it causes difficulty with the
bundled attributes of 'absolute' linewidth and such. Moeller explained the problem. It was
agreed that either the COPY function had to be included or transformation As a primitive
attribute must be included. The problem was stacked for later discussion.

It was announced that Reference model experts, and possibly 3D experts, might join the Tuesday
CGI liaison meeting.

The meeting was adjourned for the day.

2
I
I
I
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Minutes of CGEM Rapporteurs Meeting
Sophia-Antipolis
19 May 1987
Attending: E. Moeller (Rapporteur), A. Mumford (UK), B. Trocherie (France)

F. Dawuon (US), L. Henderson (US), P. Eglof (Germany),
H.O. P'rufka (Germany), 16 MoltJ11W (Italy) and CGI R~pporteur Group Attendee.

3 9:20a - 10:30a Liaison meeting with CCI Rapporteuz Group

The meeting began with a discussion of a reference model question, *where does the CGM exist in
relation to the CCI!. It was noted that previously the CGM existed below the CGI. The U.S.
expressed ti, position that the reference model is still valid. In addition, the CGI could be used to
produce either an arbitrary CGM or a limited CGM.

The discussion continued concerning the mechanism for creating a CGM from a CCI client
service. One view was that each CGM element could be created from a corresponding CCI
function. Another view was that the CGI functions may map to a series of CGM element.

SThe U.S. returned the discussion to the reference model by remarking that the CGM may be at
the level of the CGI, but the CGEM (i.e., GKSM) is below the level of the application
programming interface (API) standards, acting as an audit trail. This brings up a question of
whether the CGEM and the CGM are intended to operate at two different levels in the reference
model. While this view might present certain problems, utilizing the functionality of the CGI to
support tme CGEM would facilitate the dual role. DIN expressed the view that the CGEM
functionaity should be 3s close as possible to the CGI. However, this desire should not
compromise the ability of information ava0lable by the GKSM generator from being passed on to
the GX.SM inter-reter. A BSI delegate indicated that while one may want CGEM to be
interpreted below the Al:'-, at the same time the application program may like to interpret
indivicual elements in the metafile. A solution to the two methods of interpretation of a CGEM
may be needed.

The U.S. wanted to deterixine whether there was concensus that not every element of the CGM
need be interpreted by G.S. No vote on concensus was taled. However, there appeared to be
noone willing to voice disagreement.

The view that the GKS audit trail metaile is at the level of the workstation interface was voiced
by several individuals. It was stated that the audit trail is a mapping of the dialogue to an
individual workstation. The U.S. commented that this view is added argument for the mapping

of the CGEM functions to CGI functionality rather than attempting a 1:1 mapping of the CGEM3l OKS API functionality.

The U.S. expressed the opinion that two issues need resolution prior - progression of the CGEM.
First, it must be determined what the GKSM audit trail ought to be and what must be done to
support this in the CGEM. Second, it must be determined how much more CCI functionality
than that needed to GKSM should be added to the CGEM. In support of the first issue, the U.S.
offered reference to a paper on GKS segment model mapping to the CGI segment model.

The meeting fell into a digression on the question of whether the CGEM should explicitly specify
associated semantics of the individual elements or whether the category of the CGEM would be
used to determine the semantics of the individual elements.

The BSI expressed the view that there are components of the GKS standard that are incorrect
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and should be identified by the CGEM effort and transmitted to the GKS Maintenance work
effort.

The whole question of the charter of work for the CGEM and GKS Maintenance work efforts was
discussed. Peter Bono indicated that a Head of Delegation (HOD) meeting, scheduled for the
fternoon of 20 May, was planned for discussion of these items. He expressed the opinion that it

was up to the CGI and CGEM Rapporteur Groups to define a draft statement of work or else the
HOD would be forced to defne it. In addition, the limits to the work effort need to be identified.

The U.S. brought to the attention of the group the additional needs for technical illustration and I
publishaig and the danger of ignoring the constituencies with these requirements. •gnoring the
needs would force these constituencies to make use of proprietary page description languages
(PDL's) or product data exchange standards (i.e., ICES, PDES, or STEP).

The meeting briefly discussed the need for explicit definition of GKS Item Types such that CGEM
-elements could be created with unambiguous meaning so that a GKS application could interpret
the CGEM. It was mentioned that this may require the GKSM interpreter to do, I& little extra
amount of work' when it is reading a CGEM.

10:30a - 11:05a Coffee Break 3
11:05a - 1:00p Continuation of liaison meeting with CGI Rapporteur Group 3
A lengthly discussion was held on the differences between GKS and the CGM or CGL The intext
of the discussion was to determine whether a GKSM could actually be generated and interpreted
using the current CGI functionality. The following differences were noted.

I. COM font index and precision versus GKSM text font and precision 3
2. CGM pattern and hatch index versus GKSM interior style index

3. CGM character height and orientation versus GKSM character width and height vectors

4. CGI prepare vieweurface versus GKS clear workstation

&. CGI redraw all segments versus GKS redraw all segments

6. CGI deferral mode and segment regeneration mode versus GKS set deferral state

7. CGI pick priority and segment display priority versus GKS set segment priority

8. CGI segment model versus GKS segment model

9. CCI states versus CGEM states

A series of straw votes were taken to determine concensus of the participants. 3

I
I
I
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I

A- re the positive text indices sufficient for GKSM support?
uw I. Yes

2. No1 .

Vote (1840,2)

- Are separate font index and font precision elements snuffcent
for GKSM support?

I.YesS2. -No Vote (11-6,3)

- Are the CGM mechanisms sufficient for GKSM support?
1. Yes
2. No, Add index

Vote (19-0,3)

In the CGM the character height is specified separately than the character orientation (i.e.,
character up and bae vectors). This permits append text to change the height without
changing the orientation. GKSM specifies character height and width vector. If the CCI
functionality were to be used for GKSM support, then the character height and thep! character orientation elements would have to be mandated as being output together.

- Should the CGM mechanism for character height and character orientation
be used to support the GKSM?

1. Yes, But through the proposal in the proceeding paragraph
2. No, Add separate elements

Vote (18-1,3)

LI A lengthly discussion followed that attempted to resolve the mapping from a GKSM
function to CGI functionality. This work was finally decided to be left to a separatei working group.

- II it is determined that to use CGEM as a GKSM that additional functions
are needed; will GG! add these functions?

1. Yes, Identically
2. Yes, An explicit mapping
3. No3 Vote (1-18-1,2)

- Once, at this meeting, the CGI Rapporteur Group identifies stable
functionality, should the CGEM Rapporteur Group endeavorto use this
capability?

1. No
. Yes, For GKSM support only
3. Yes, In general

Vote (11-10,I)

The U.S. stated its concern that the work on the Addendum I for CGEM support should
not prtvent or restrict further enhancement to the CGM.

Most attendees voiced concern that attempts to add additional functionality to the COEM

5I
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should not adversely effect the time table for the CGEM. It was requested that the draft of
the CGEM sent for letter ballot include a comment soliciting member body suggestions of
stable CGI functions that should be added to Addendum 1. Some members indicated that
additional functionality should be prerequisite on being directed at some agreed upon scope
for the added functionality. I
Before adjourning the liaison meeting, It was decided to meet again on Thursday mornmig,
at 11:00a after the morning coffee break.

l:00p - 2:00p Lunch Break

2-00p - 3:30p CGEM Rapporteur Group Meeting I

The open issues summarised in temporary document SAI were addressed with an attempt
to resolve those that did not appear to be controversial. U

ANSI.1:SHOTLD SEMANTICS OF ALL ELEMENTS IN THE ADDENDLU BE
UNAMBIGROUSLY DEFNED?

This issue remalned unresolved, even after much more discussion.

E. Moeller stated that he believed the CGI Rapporteur Group had the responsibility to
prove whether the CGI could support GKSM. In addition, the rapporteur group must
prove that the mapping back to GKS from the CGEM did not lose any information. I
H.G. Berufka stated that he believed that the CGI segment model could be used in the
CGEM. E. Moeller was concerned that the redrafting of the CGI segment model was not
commonly known by attendees and it would be difficult to discuss this further. H.G.
Berufka brought in a member of the CGI Rapporteur Group to explain the new segment
model of CGI. The temporary document SAO was used as a support document for the
discussion. m
The group spent a considerable amount of time discussing where the CGEM would reside in
the CGI segment pipeline. It was decided that the CGEM would have to reside to the left
of the point in the pipeline where bundled attributes were associated. Probably, the
location would be the caption 'primitives" appears in the picture on page 11 of SAO.

CGMAI.9: IS THE TERM 'SEGMENT' THE RIGHT ONE! I
The group resolved that it was the right term. 3

ANSI.4:WHAT SEGMENTATION MODEL SHOULD BE IN CGM ADDENDA?

The group resolved that the CGI model was appropriate, but not all of the functions might I
be included in the Addendum I work.

BSI.2.1: SHOULD THE CGM ADDENDA ALLOW FOR NESTED SEGMENT I
STRUCTURE?

6I I
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The statement of this issue was did not reflect the actual issue. The group resolved that the
Beni.Sevnent should be left as a delimiter element.

ANSI.5: WHAT ELEMENTS MAY BE INCLUDED IN SEGMENTS?

The group resolved that most picture elements, with the exception to be determined, can
occur in segments. This has no implication for contents of segment store for the interpreter
of a CGEM. In category *GKSM', the dclear function can not appear in the segment.

BSI.2.1 (sic): SHOULD THE MEANING OF ELEMENTS WITHIN SEGMENTS
BE DEFINED BY CATEGORY?

Resolution of this issue will be based on whether the group is to adopt CGI semantics and
the possible outcome on ANSI.! and ANSI.4.

CGMA1.20: WHERE SHOULD THE SEGMENT ELEMENTS APPEAR?

3 The wording of this issue was clarified to mean where in the CGEM document should the
various segment elements appear. The group resolved that the segment elements should
appear where they are currently located, in the segment section.

CGMAI.2: HOW ARE SEGMENTS STORED?

3 The group felt that the issue was more appropriately described by the next issue.

ANSI.$: IS THE 'DEFI'EDNESS* OF A SECMENT'LDMITED TO THE CLRRE.NT
PICTURE?

There was general agreement that a "symbol library" capability is needed. Technical work
will be addressed later this week.

CGMAI.l: SHOULD THERE BE A CATEGORY "GKSMO" AS WELL AS "GKSM"
(SEE ALSO ADDITIONS TO ISSUE CGMAI BY ANSI)?

The group resolved that alternative 3, 'No, but the GKSMO set is defned as one
of the SHORTHAND enumeratives for Metahle.ElementList" should be selected since the
grammars are the same or at least a set:subset relationship. Vote (1-0-4,2).

BSI.3.3: SHOULD ANNEX A OF IS 9632 BE ADDED TO ALLOW FOR THE3METAFILE CATEGORY ELEMENT?

The group resolved that Metale-Category element is not a valid element for IS 8632.

BSI.3.5: SHOULD THE RELATIONSHIP BETWEEN CATEGORIES BE DESCRIBED?

3 Discussion on this issue was postponed.

I
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ANSI.7:ARE SUCH ELEMENTS AS UPDATE, SET DEFERRAL STATE

APPROPRIATE IN A METAFILE STANDARD?

The group resolved that they wets, and the functions should be retained.

ANSI.: SHOULD INTERACTIVE VALUES OF THE "DEFERRAL MODE"
PARAMETER OF DEFERRAL STATE BE IN THE METAFILE?

The group resolved that they were, and the values should be retained.

BSL2.3: SHOULD VARIOUS STATEMENTS RELATING TO WORKSTATION I
BEHAVIOR BE MOVED TO AN ANNEX CONCERNED WITH LNTERPRETATION
EFFECTS?

The group resolved that these statements should be moved to an eannx.

ANSI.2:SHOULD THE CONTENTS OF THE 'DRAWING SET* (SHORTHA.ND) I
OF METAFILE ELEMENT LIST BE CHANCED BY THE ADDENDUM?

The group resolved that it would not support to change the content. !

ANSI.12: SHOULD CCEM COORDINATE WITH CGI ON4 OPCODES?

The group resolved that any given opcode or function name has exactly the same
parameterisation in all three standards, but that coordination was needed with the CGI
Rapporteur Group and appropriate standards bodies outside of SC 21/WG 2.

ANS.24: SHOULD A VALUE OF TWO (2) BE USED FOR TH METAFILE
VERSION ELEMENT IN METAFILES THAT CONTAIN ITEMS FROM,
OR FOLLOW GRA.MMARS OF, CGM ADDENDUM 1?

The group agreed that the CGEM would have a version of 2. I
The meeting was ajourned.

I
I
I
I
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3 ~Minutes of CGEM Rapporteiars Meeting
Sophia.Antipolis
20 May 1967, Afternoon
Attending: E. Moeller (Rapporteur), A. Mumford (UK), B. Trocherie (France)

F. Dawson (US), L. Henderson (US), P. Egloff (Germany),
H.G. Borufka (Germany), L. Moltedo (Italy am only)

P. Bono (US pm only), Satort Kawai (Japan)

i Moeller noted the need to find an issues librarian.

Mumford re-afrmed the possibility that she would be interested in editing the 3d metafile
addendum

The priority for GKS support was noted.

There is pressure on many national groups to extend the primitives attributes etc in the graphics
standards. A major problem s the slow rate on standard development.

There was interest from clients of the graphics standards for more support for office documents
and for raster. Ansi had reviewed the work of SC18 who are developing SPDL. Any future work
on extending primitives and attributes would require some liaison with SCIS. There was interest
in the group in working on further 2D functionality rather than 3D extensions. The BSI are
likely to be more interested in a GKS-3D metafile. This was in contradiction to most other views.

It was agreed that the first addendum should procede with highest priority and that this might
include CGI functionality when fuctions were deemed to be stable by the CGI group as the work
developed.

The group then turned to a discussion of the issues.

ITEM TYPES (BSI2.5)

These are used to support the functional standards. There is a problem with the algorithm based
on the binary op-codes which was proposed at Egham because there is unlikely to be a 1-1
mapping between the elements of the CGM and the functional standards. It was agreed that the
GKS item types are logical data items and that these can be mapped to physical elements in the
metafile. The agreed solution was that the functional standards should provide the logical item
types and that the metafile group should then provide a mapping to the CGEM elements. If the
GKS Annex E item types are snu4cient these could be the ones used for GKS. This might help* 3implementors who have used GKS Annex E already. There may be some benefit in having items
defined for the elements in an encoding independent way but it was agreed that this would be an
implementation decision.

3l MAPPING OF THE GKS FUNCTIONS WITH THE CGI FUNCTIONS

1. Text Font and Precision

The discussion centred round the use of the CGM elements TEXT FONT INDEX, TEXT
PRECISION and FONT LIST to represent the TEXT FONT AND PRECISION of GKS.

The problem is that the CGM uses positive indices indicating the font required from the font list.
In GKS positive values indicate registered fonts (currently only I) and negative values are private
fonts. One suggestion is to map the GKS negative values to positive indices by listing them in
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the FONT LIST e.g. "GKS-1'.

The CGM FONT LIST is a metafile descriptor and therefore has to appear at the head of the 3
metalls.. In GKS we do not know which fonts are needed until they are requested. It is not
possible to dump all known fonts at the start of the metafile as the GKS application may require
more fonts than thos on the generating "stem. One alternative is to carry out a double pass on
the metafile and to record those fonts eud at the end of the GKS session. This was considered to
be unacceptable.

There ;a a requirement for GKS to update the FONT LIST within the picture body. It i6 possible I
that CGI may also need such a function. The suggestion to
be made to the CGI group is to add a new MODIFY FONT LIST element which can then be

used in the picture body of the CGEM to add to the FONT LIST (default or explicitly set).

.There may also be a requirement for a MODIFY CHARACTER SET LIST.

2. Pattern and Hatch

The CGM elements are PATTERN INDEX and HATCH INDEX. These need to be mapped in
both directions if possible to the GKS function SET FILL AREA STYLE INDEX. I
The mapping was agreed as follows:

GKS FELL AREA STYLE INDEX maps to CGEM PATTERN INDEX and HATCH INDEX
where the Index in GKS has a value greater than vero. Where the value is less than zero then
only HATCH PATTERN is written as anything ese would be illegal. 3
The reverse mapping is that the appearance of either of the CGEM elements causes a SET FILL
AREA STYLE INDEX.

3. Character Vectors

In the initial draft a new element CHARACTER VECTORS was added to the list of elementasu
GKS Annex E stores the height and base vectors as a pair.

A mapping to the existing CGM elements for height and orientation was considered to be
beneficial. It was agreed that the GKSM category should write the CHARACTER HEIGHT and I
CHARACTER ORIENTATION as a pair in the CGEM in that order. -On interpretation this
would return the character vector information back to the GKS application. I

(CH,CO) maps to CH*Char Up Vect, CH*Char Bane Vect

Mahr Up Vec4 khar Up Vct 3

4. Clear Workstation l

A mapping was agreed as follows: 3
CLEAR WORKSTATION in GKS will map the new CGEM elements (taken from the CGI):

I
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MAKE PICTURE CURRENT; PREPARE VIEW SURFACE; DELETE ALL SEGMENTS.

5. Redraw ALI Segments

I This will map to the new elements. MAKE PICTURE CURRENT; PREPARE VIEW SURFACE
(conditional clear); REDRAW ALL SEGS.

CGI ISSUE: why does PREPARE VIEW SURFACE only do a conditional clear for hardcopy not
all devices?

a. Update

The group considered an MO to be DAN4.

A problem was found with this am the mapping needs to be different for whether the Update flag
is perform or postpone.

For perform the mapping could be: MAKE PICTURE CURRENT; PREPARE VIEW

SURFACE; REDRAW ALL SEGS.

For postpone the mapping might be just MAKE PICTURE CURRENT.

It was noted that it was not possible to distinguish between REDRAW ALL SEGS and UPDATE
with perform. The reverse mapping canese problems because in GKS the behaviour of the two
functions is different. This is because of the different behaviour dependent on the fBag 'new frame
necessary at update'. For MO this in set to NO.

We could map to the effect of update with perform but this is not a true audit then. One
possibility is a fig on REDRAW ALL SEGS. This possibility and the nature of the problem was
presented to CGI.

7. Set Deferral State

This will be mapped to new elements taken from the CGI. The mapping will be to DEFERRAL
MODE; IMPLICIT SEGMENT REGENERATION MODE. If the regen mode is allowed then
REDRAW ALL SEGS (conditionally). There is a need to map BNIG and BNIL to BNI when
generating the metafile and the reverse mapping should be to BNIG.

During the afternoon the Rapporteur attended the HOD/RAP meeting. he reported thst the
Addendum for GKSM was considered to be a high priority in WG2. Most of our efforts are to be
given to this project. Beyond that all other work has a low priority. The HOD/RAP group
agreed that the need for extra functionality as addressed by the group should be given
considreation at some time and one possibility is to ask member bodies to start drawing together
a wish list. this will be done at the WG2 level at this time. The timescale for the first addendum
looked to be similar to CGI

- 11 -
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Minutes of the CGEM Rapoorteurs Meeting

Sophia Antipolis
21 May 1987

Attending: E. Moeller (Rapporteur), A. Mumford (UK), B. Trocherie (France)
F. Dawson (US), L. Henderson (US), H.G. Borufka (Germany), I
P. Egloff (Germany), Kawai Satoru (Japan)

The meeting began with a discussion of the pick priority data type. m
Three tilternatives were identified:

1. integer (as it is in CGI)

2. integer on the range of values (lower limit, upper limit) 3
3. real (as it is in GKS)

The result of the discussion was to define a new function PICK AND I
DISPLAY PRIORITY EXTENT, which sets the lower and upper limit (alterna-
tive 2) and adds it to the CGEM functionality as a metafile description
element.

The discussion continued with the new segmentation model of CGI, which
was introduced by a paper of D. Vanderschel. The group was of the same U
opinion as the day before that this model fulfills the needs of GKS.

After a short discussion of the guidance given by the MOD and rappor-
teurs group concerning the segment problem with respect to the possibility U
of a location of segments outside pictures the group agreed to discuss
those problems if enough time was left.

The discussion returned to the segment model and the mapping of related l
GKS functions to CGI functions. In particular the GKS functions INSERT
SEGMENT and ASSOCIATE SEGMENT were investigated. Karla Vechiet of CGI
group nelped to diminish some confusion whether or not the functions
COPY S, REOPENS and INHERITANCE FILTER are needed to support the GKS
functionality. The CGEM group agFeed that these three functions are
not necessary for the GKS support and therefore are not part of the
category GKSM, but they were added to the CGEM.

In connection with the INHERITANCE FILTER the discussion returned to
the reference model problem of CGEM and CGI. Especially the relation
of the GKS workstation independence segment storage 'WISS) to the CGI I
was adressed. The CGEM group had the general feeling that theWISS conceptually is situated outside (that means above) the CGI. 3
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After a coffee break two points were adressed:

- The laison meeting with the 3D group scheduled for Friday so?,cw oe
a more general one on an informal basis.

- Due to the working draft status of Addendum 1 of CGlM it is notnecessary to produce a response document containing the answers to the
discussed issues.

3 Then the CGEM group's discussion focussed on the issues list. The issues
listed below were briefly discussed under the aspect of an unart';Scusy
defined semantics and reduction of redundancy and resolved unanimousiy3 (otherwise marked):

* CGMA 1.12: Should TEXT FONT and PRECISION be added as an eiement?
Alternative 2: No

"* CGMA 1.13: Should there be an element for HATCH and PATTERN :N:EX?
Alternative 2: No

* CGMA 1.14: Should there be a WORKSTAT!I&z WINDOW element'

Alternative 1: Workstation window is mapped to VnC extent.

* ANSI.10 : Is there a need for the redundant specification of certa-
text attributes - .... ?
The first part of this issue is solved by alternative :No, eliminate the redundant elements. The second part was
discussed in COtA 1.12 and is solved.

* ANSI.11 : Does the meaning of TEXT FONT INDEX change in the aCden'ý-
Alternative 1: No
In addition, the new function Yr-:FY FON,, LiST was ivente:
as an attribute element with index and font name as oa'a-e:e-s.
This function must ensure that the adding of new ent:res
the font list is possible.., 7 parallel the lu.c.i.n VCti

CHARACTERSET LIST with the index and a 11st of :airs c*
character set type / designation sequence tail was intro~uceý.

"* ANSI.13 : Should the CHARACTER VECTORS be allowed to change within a
(compound text) string?
Alternative 2: No, there are no more character vectors in th1 s
element.

* ANSI.15 Should the scope of Addendum 1 cover the additional stable CS

functionality?
Alternative 1: Yes
AlterTative 2: No

The CGEM group took a vote on this issue with the foilcwing
result as regards alternative 1: (5, 1, 2). There was an3agreement that this issue was solved by alternative 1.

Uareen a
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"CGMA 1.17: Should EDGE REPRESENTATION be added together with the other

representation function?
Alternative I* Yes, as it is in the document.

*ANSI.16 : What is the intended result when SCALING MODE and DEVICE
VIEWPORT appear in the same metafile?
Alternative 1: Use the last specified.

Note: If none is specified in the metafile, the DEVICE_
VIEWPORT has precedence in categories where both exist!

* CGIMA 1.7: Do pictures and sessions need to be distinguished?
This issue w*s skipped. 3

"* ANSI.9 : Should the METAFILE DEFAULTS REPLACEMENT encoding in the
Binary Encoding be improved?

New Alternative 3: No, but a text should clarify this
problem in Addendum 1 in the context of subclause 5.3.12.
Multiple occurance of the DEFAULTS REPLACEMENT element
is legal and the effect is concatenation.

The CGEM group meeting was adjourned at 1.00 p.m. due to the social
event which took place in the afternoon.

U
1
1
U
1
1
1
U
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Minutes of CGEM Rapporteur Group Meeting
Sophia-Antipolis3 22 May 1987

SAttending: E. Moeller (Rapporteur), A. Mumford (UK), B. Trocherie (France)
F. Dawson (US), L. Henderson (US), P. Egloff (Germany),3 E.G. Borulka (Germany), Satoru Kawai (Japan)

AGENDA:

S1. Font List, Text Font & Precision (mapping GKS - CGM)

2. Resolving rest of the issues

3. Segmentation model (inheritance filter, attribute binding)

3 4. Segments outside pictures

5. Drafting

6. Additional, stable CGI functionality

3 Item 4:

It was decided that in the afternoon (during the mid-term plenary) a break out group
Sshould prepare a proposal on segments outside pictures as a basis for discussion on

Sunday.

Item 1:

H.G. Borufka presented a model describing a mapping of the different font selection
mechanisms in CGM/CGEM and GKS. The model requires a new metafile control

element MODIFY FONT LIST (starting index , list of font names). It is based on
a table of registered fonts residing on both the MO and Ml workstation. It a3umes
that GKS text font numbers will be assigned to registered fonts by the Registration3I Authority. At every occurance of the OKS TEXT FONT AND PRECISION function
the registered or implementation dependent (negative) font number generates an entry
in a table of fonts in use if it does not exist already. This table corresponds to thell CGM FONT LIST element. The new element MODIFY FONT LIST allows the font

list to be build up sequentially and to be dense.

It was decided to add a note to the description of the CGM FONT LIST element
recommending to generate a dense font list (note, that the registered GKS font numbers

U|
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may contain gaps or an application uses only a few fonts from a long list of registered 3
fonts).

Whereas registered font names within ISO presumably will consist of the initial char-

acters "ISO " the model proposes a GKS font introducer "GKS " for all fonts available

in a GKS implementation, independent of whether they are registered fonts outside

ISO (iLe. having a positive font number assigned) or implementation dependent fonts

(negative font numbers). E.g. CGM font name "GKS -3" would be assigned to GKS
font number -3. The CGEM group recommends CGI to include the new element.

Item 6: 3
The group then discussed the list of additional. stable CGI functions (document num-

ber V034, respectively CGEM document number SA10) as candidates for inclusion in
CGEM. It was decided to add

DEVICE VIEWPORT MAPPING to category 'cgmextl. 3
DEVICE VIE WPORT SPECIFICATION MODE (previously "UNITS") to category

'cgmextl' if the default wouid cor- 3
respond to GKS (which is not the
case in the current CGI draft DP
9636), otherwise include it allso in3
the category 'gksm'.

SET DEFERRAL MODE to category 'gksm'. CGI's B•Nl
corresponds to GKS's BNIL. I:
was not resolved whether GKS

BNIG should be ailo,,.ed. A'so 5
the difference in the deiaul's waS

pointed out.

MAKE PICTURE CURRENT to category 'gksm'.

PREPARE VIEW SURFACE to category ýgksm'. 3
BEGIN FIGURE to category 'cgmextl'.

END FIGURE to category 'cgrnext 1'. I
NEW REGION to category 'cgmextl'.

IMPLICIT EDGE VISIBILITY to category 'cgmextl'.

CIRCULAR ARC CENTRE BACKWARDS to category 'cgmextl'.

SAVE PRIMITIVE ATTRIBUTES to category 'cgmextl'.

3
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RESTORE PPAMIT"VE ATTRIBUTES to category 'cgmextl".

Note, that the last two elements are closely related to the segmentation model whichS~~~will be discussed later..wIlC

The role of the CGI function END PAGE was then discussed. It was not clear why this
function behaves differently for softcopy and hardcopy devices. CGI experts should be
consulted. However, it was decided not to include this function in the CGM Addendum
1.

The discussion then focussed on the two elements DRAWING MODE and PTXEL
ARRAY from part 6 of CGI:

* how does DRAWING MODE apply to output?

* shall PIXEL ARRAY be included, if yes to which group of elements does it
I belong?

a it was noted to consider the device dependence of PIXEL ARRAY

I * PIXEL ARRAY is to be ignored on non-raster devices

5* consider addressability of raster devices

* shall there be a shorthand for CGI functions from part 6 in case they are inc!uded?

5 should encoding technics go beyond the current ones, e.g. including compression '

Whether or not these elements should be included was left open at this point.

KarlaVecchiet (CGI) was consulted. She said. that for the DRAWING ',1ODE function
a raster device is needed but no bitmaps. However. it was not clear which value of3 DRAWING MODE would apply for CGI implementations not inciuding part 6 , raster
functions). This must be resolved in order to possibly include DRAWING MODE
in the set of CGMi/CGEM attribute elements. The group would like to have further3arguments for including DRAWING MODE in CGEM.

Item 3:3Karla Vecchiet (CGI) explained the CGI segmentation model, in particular the at-
tribute binding and inheritance filter. The discussion focussed on the question:

I * Do we need the inheritance filter to support GKS?

17
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The group came to the conclusion that GKS implementations with only one output I
device could maike use of the inheritance filter and the copy function to emulate a
WISS below the CGI. 3
It was decided to include these two functions in the category 'cgmextl' but not in the
category 'gksm'.

The group would like to know what is the minimum CGI functionality to support GKS I
(which may be different from the GKS profiles!).

The meeting was adjourned for the day.

I
I
U
I
U
U
I

I
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U Minutes of CGEM R]apporteurs Meeting
Sophia-Antipolh
24 May 1987
Attending: E. Moeller (Rapporteur), A. Mumford (UK), B. Trocherie (France)

F. Dawson (US), L. Henderson (US), P. ESiof (Germany),
H.G. Beruika (Germany), and S. Kawai (Japan)

Documents Introduced

1 1. SA13 - Liaison Report-ISO TC 97/SC 18/WG 5 and ISO TC 97/SC 21/WG 2 (DIN - A.
Schiller)

2. SAI4 - Location of Segments in CCEM (US - L. Henderson)

3. SAIS - How to Interpret a Metafile Containing a Segment Library (DIN - H.G. Berufka)

9:15a- 10:45a CGEM Rapporteur Group Meeting

E.M. began meeting by addressing the question of whether anyone felt that the COEM 3D
(Addendum 2) work effort should be addressed in an interim meeting prior to the June 1988 "SC
24" meeting. A discussion proceeded on -whether it wu needed and when/where to hold it. The
discussion ended with the question of an interim meeting being tabled.

I A.M. expressed the view that since the BSI had circulated a expert opinion paper on CGEM 3D.
at least one day should be allocated for such work. Per the recommendations out of the Egham
meeting, this work should be restricted to GKS-3D Metafile support. The work should focus on
dtveloping a draft document.

E.M. indicated that it was his opinion that this document need not be technically complete. But,3 that the document could include sections that were left open or incomplete.

Christian Egelhanf (DIN - CCT Rapporteur Group Member) came into the meeting to informa!!y
bring Op CGI reference model concerns with the previous day's work on the CGEM "Global
Segment Definitions".

E.M. indicated to the CGI Rapporteur Group Member that it was the responsibility of the CGEM
Rapporteur Croup to map to the CCI reference model. In addition, it was up to the CGEM
Rapporteur Group to assist the CCI Rapporteur Croup in developing a reference model for CCI.

Andrea Frankel (US - CCI Rapporteur Group Member) came into the meeting to informally
clarify the CGI position on several questions that were liaised to the CCI Rapporteur Group on
the previous day. (1) WHY HAVE INHERITANCE FILTER ELEMENT IN THE GKS
PROFILE? A.F. indicated that the CCI Rapporteur Group developed the GKS Profile with the

basic assumption that functionality would be added to support OKS plus, additionally, add
functionality that would (a) aid implementors and (b) encourage use of CGI functionality in such
implementations. (2) IF PART a FUNCTIONS ARE NOT INCLUDED IN THE COEM, WHAT
IS THE DEFAULT DRAWING MODE? A.F. indicated that the default would be *replacement".
(3) WHAT WERE THE ARGUMENTS FOR INCLUDING DRAWING MODE FUNCTION IN

THE SET OF STABLE CCI FUNCTIONALITY? t.F. indicated that the CCI Rapporteur

Group felt that this was an attribute of primitives, was a stable function, and that while modes

in addition to the basic 18 boolean operations were unstable at this time a mechanism would be

added to permit extension to added operations when they become stable. (4) WHAT IS THE
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RAT!ONALE FOR THE END PACE FUNCTIONT A.F. indicated, aftý.- much districted
discussion, that *blind interchange', to devices that can not effectively inquire device I
characteristics (i.e., is it a soft or hard copy device) was sufficient rationale.

The discussion returned to the agenda for CGEM Addendum 1. The meeting focused on resolved
outstanding iunes summarised in document SAl.

ANSL23: SHOULD A PICK PRIORITY ELEMENT BE ADDED, SEPARATE FROM
SEGMENT DISPLAY PRIORITY ELEMENT?

The group resolved that yes, it would be added. 3
BSI.2.4: SHOULD THE DESCRIPTION OF PICK IDENTI7IER BE LESS DETAILED?

The group resolved that yes, we should be sure that it does not contain too much information I
about the intsrpretation of this function.

CGMAI.18: DOES THE ADDENDUM NEED TO INCLUDE DEVICE VIEWPORT m
SPECIFICATION UNITS?

The group resolved that yes it did. I
ANSI.3: WHAT IS THE APPROPRIATE SPECIFICATION OF VIEWPORT FOR THIS

ADDENDUM? 
m

The group resolved to revise the viewport specification as per the CCl (ISO/DP 9838). 3
CGMAI.4: HOW SHOULD SEGMENT DISPLAY PRIORITY BE RECORDED!

The group resolved that it be integer [0,nj. However, several members feJ sa- "extent' function
is needed. A new issue will need to be added. The group did not formulate one. An attempt
was made to manipulate a certan member of the group into becoming the issues member.

ANSI.22: WHAT DATA TYPE SHOULD THE PICK IDENTIFIER BE?

The group resolved that the data type should be integer. N
ANSI.17: WHAT SHOULD BE THE DATA TYPE FOR SEGMENT IDENTIFIER? 3

The group resofved that the data type should be integer.

BSL4.i.I. SHOULD SEGMENT IDENTIFIER PARAM(ETER BE OF DATA TYPE N?

The group resolved that thi issue was a rewording of ANSI.17 and should be resolved the same
an that issue.

I
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DIN.3.1.2: SHOULD SECEMENT IDENTIFIER AND PICK IDENTIFIER BE OF
THE SAME DATA TYPE?

3 The stoup resolved that yes, the identifiers should both be integer.

ANSL1S: DOES THE TRANSFORM MATRIX NEED A DATA TYPE?

The group resolved to not associate a data type with the transformation matrix.

3 CGMA1.21: HOW SHOULD A CATEGORY BE DEFINED?

The group resolved that categories should be defined as a single name (e.g., CGM, GKSM, etc.).

ANSI.19: WHAT SHOULD BE THE DATA TYPE FOR METAFILE CATEGORY?

I The group resolved that the data type should be enumer.,tive.

BSI.3.2: SHOULD A MAPPING OF THE GKS FUNCTIONS TO THE EXTENDED CGM
BE ADDED TO THE CURRENT ANNEX E OF IS 8632?

The group resolved that the mappings would appear as part of the COM Addendum 1. However,
the mapping will be in a new annex that WILL be a part of the IS 8832, CGM Standard.

10:45as. 1I:11a Coffee Break

11:15a - 12:30p Continuation of the CGEM Rapporteur Group meeting

L.H. presented the previous day's work effort on defining a reference model for location of
segments in the CGEM. In particular, the presentation focused on the concept of "globally
defined segments' versus "locally defined segments'. Both capabilities are to be supported in the
CGEM. The discussion focused on several issues that L.H, raised for group resolution:

CAN METAFILE DESCRIPTOR ELEMENTS SUCH AS THE VARIOUS PRECISION
SPECIFICATION ELEMENTS APPEAR WITHIN STATE "GLOBAL SEGMENT OPEN"?

The group resolved that no Metaile Descriptor elements can appear in state Global Segment
open.

CAN A DELETE FUNCTION FOR THE CURRENTLY OPEN GLOBAL SEGMENT OR THE
DELETE ALL SEGMENTS FUNCTION APPEAR WITHIN STATE "GLOBAL SEGMENT3 OPEN*?

The group resolved that this would not be allowed.

UCAN DELETE SEGMENT, REOPEN SEGMENT, AND SEGMENT ATTRIBUTE ELEMENTS
APPEAR IN THE METAFILE DESCRIPTOR BETWEEN GLOBAL SEGMENT DEFINITIONS'

2
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The group resolved that no segment or segment attribute elements other than BEGIN SEGMENT
can appear in state Metafile Descriptor.

The concepts in SA14 were approved unaaimously by the proup.

The subject of reatlonship of the CGEM to the CGI was brought up. This question surfaced 3
through the rapporteur group meeting. Someone in th. group asked, 'IS THE CGEM A CGI
SESSION CAPTURE MECHANSIM1'. The group referred to the 19 May laison meeting and
concluded that by the current state of the CGI reference model the answer was NO. Someone else
asked, 'CAN EVERY CGEM BE CREATED THROUGH THE CCI?'. The group again referred
to the 19 May liaison meeting and concluded that while some way want such functionality the
current reference model for CGI indicated that it was possible to generate some C•GEMJ from a
CGI but that every CGEM could NOT be generated from a C0I.

12 :3 0 p - 2:00p Lunch 3
2:00p 3w 4:00p CGEM 3D Discussions

The agenda for the discussions included:

1. Limited general discussion until 4p

2. Reference model with respect to CKS-3D and PHIGS

3. Scope and basic concepts for CGEM Addendum 2 1
Reference Documents included:

I. BSI Proposal - SC 21/WO 2 N531 I
2. DIN Expert Contribution

3. Summary of a joint meeting of 2D and 3D DIN experts

Attendees included:

E. Moeller (Germany), R Gnats (Germany), W. Brandenburg (Germany), S. Kawai (Japan), A. I
Mumford (UK), L. Henderson (US), F. Dawson (US), B. Trocherie (France)

A.M. began the discussion by presenting the BSI position paper. The BSI position included the
reune of the existing CGM opcode space with the addition of Z coordinates to current 2D
primitives and control elements. The BSI position is thst &he CGEM 3D would reside in the same
place in pipeline as the COM. 3
E.M. commented that since the Egham rapporteur group meeting, the CGEM has focused on CGI
functionality. However, there is no 3D CGI work and no indication has been offered as to when
3D extensions will be added to the CCI draft. 3
A.M. felt that most of the problems would result from the addition of 3D coordinates. The COM
3D work was initiated under the assumption that it would follow GKS-3D. 3
W.B. presented the DIN expert contribution. The DIN position was expressed as being based on
the assumption that 3D extensions to CGEM should not preclude or invent problems that would
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have to be resolved to utilise the CGEM 3D capability in a PHIGS environment. The paper
divided the possible 3D activity into 3 categories:

1. CGM with extensions added for 3D primitives. No new operation codes invented.

2. PHIGS picture metafile support. Things would be Added to the CGM for PHUGS such as
NAME SETS.

3. PHIGS Archive metalile. This capability would include functionality needed to generate
after the Modeling Transformation before the Viewing Transformation. This would be like
a CGM with only a Met&file Descriptor component made np of structure definitions.

It was noted that some elements of the DIN proposal would not be useable by a GKS-3D
capability.

A.M. commented that the differences between the DIN and BSI proposals were that BSI feels that
unresolved issues prevent work on a PHIGS capability, but that GKS-3D is all but complete.
Hence, the 3D work for CGEM ought to be GKS-3D based. A.M. feels that the GKS-3D
extension to CGEM would be compatible with the future PHIGS extensions.

A.M. commented on how the two papers were similar even though developed independently. Just
how •many elements should be added now for future PHIGS addenda was questioned.

I hF.D. commented that if it meant a significant delivery schedule impact for resolving whether to
added PHIGS or GKS.3D) support, he would prefer a minimal 3D extension to CGEM with just
3D primitives.

Considerable discussion continued on both GKS, CGI, PHIGS, and "hybrid" semantic differences.

Most parties informally agreed that any CGEM 3D work should not restrict future addenda effort
to support PHIGS capabilities above the Addendum 2, GKS-3D Metafile support.

E.M. commented that if PHIGS capability could be built on a GKS-3D type CGEM by merely
replacing the segment model with a structure model, then he was in favor of current extension for
GKS-3D and later adding PHIGS.

3 W.B. felt that the PHIGS structure model was not too different than the GKS-3D segment model.

A.M. expressed her desire that the PHIGS rapporteur group will look at the CGEM Global
Segment Definition paper (SAI4) and review it with respect to how PHIGS capability could make
use of this approach to global segments outside of pictures.I
Summary of liaison meeting activities:

1 I. The uieting did not resolve the question of scope.

2. Discussion focused on some basic concepts; (a) 3D CGM, (b) GKS-3D CGM, and (c) PHIGS
Archive type file with structures only.

3. Any CGEM 3D enhancements should be based on the CGEM Addendum 1 working draft.3 4. An interim CGEM Rapporteur Group Meeting for 3D (Addendum 2) work is needed

4:40p - 5:30 p Continuation or CGEM Rapporteur Group Meeting

U
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The meeting reconvened with futher resolution of issues concerning Addendum 1. 3
CGMAI.3: HOW SHOULD GDPs BE STORED IN THE CGM?

The group resolved that they should be stored in an Implementation dependent manner. L.H.
commented that it was the domain of application profile and registration procedures to specify
how the GDPs would 'u stored.

CGMA1.l9: SHOULD THE ADDENDUM WORK INCLUDE THE DEFINITION OF ITEM
TYPES RETURNED IN THE FUNCTIONAL STANDARDT 3

The group resolved that, in general, the Item Type definitions should appear in the functional
standards. However, the GKS Item Types will be specified in the Addendum 1. Item Types are
the responsbillty of functional standards to define. It is up to the CCEM to define the mapping
from the CGEM elements to the functional standard item types.

CGMAI.19.. HOW SHOULD ITEM TYPES BE DEFINED? I
The group resolved that item types would be defined as in CKS Annex E and expansion would be
made as necessary.

CGMAI.22: WHAT GROUP OF ELEMENTS SHOULD VDC NORMALIZATION FALL INTO?

The group resolved that the element's name would be changed to MAXIMUM VDC EXTENT
and that it would be a Metafile Descriptor element. 3

ANSI.14: SHOULD CGEM INCORPORATE THE FON" WORK OF SCI8 AT THE
PRESENT TIME? 3

The group resolved that the font work was premature to base technical work on. The font work
would be watched for future incorporation. 3

BSI.3.4: SHOULD THE CONCEPT OF A 'SESSION" BE DEFINED?

The group resolved that wording would be changed to 'graphical session' and appropriate I
explaination of the term would be added.

ANSI.20: ARE SEGMENTS CLIPPED BEFORE OR AFTER SEGMENT TRANSFORMATION? I
The group resolved that the clipped would be after the segment transformation, like the other
standards.

CGMAI.f:: WHAT ORDER SHOULD THE TRANSFORMATION MATRIX FOR SEGMENT
TRANSFORMATION BE IN?U

The group resolved that it would be in the same order as the CCI draft. 3
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3 CGMAI.8: HOW SHOULD THE TRANSFORMATION FROM NDC TO VDC BE ACCOMPLISHED!

The group resolved that the MAXIMUM VDC EXTENT would be utilised by the GKSM to3 provide such functionality.

DIN.2.1: SHOULD GEOMETRIC ATTRIBUTES THAT MAY BE BUNDLED, SUCH AS
LINE WIDTH WITH LINE WIDTH SPECIFICATION MODE NABSOLUTEN,
BE TRANSFORMED UNDER SEGMENT TRANSFORMATIONS?

DIN.2.2: HOW DO THE CIRCULAR ELEMENTS AND THE RECTANGULAR ELEMENT
TRANSFORM UNDER SEGMENT AND VDC-to-DC TRANFORMATIONS?

DIN.2.3: SHOULD THE EFFECT OF DIFFERENT SCALING IN X AND Y ON LINE
WIDTH, MARKER SIZE, AND EDGE WIDTH WITH THE CORRESPONDING
SPECIFICATION MODES SET TO "ABSOLUTE", AS WELL AS ON THE
RADIUS PARAMETER OF CIRCULAR ELEMENTS BE SPECIFIED IN THE
CGM ADDENDUM I?

The group resolved that all three of these issues are similar and would follow how the CGI
resolved these issues based its pipeline.

ANSI.21: WHAT MEANING IS ATTACHED TO 'BEGIN SEGMENT (A)" WHEN
SEGMENT NA' EXISTS?

The group resolved that this achieves no use, so it is invalid syntax.

DIN.3.1.1 1: IS THE SEGMENT PRODUCTION RULE INCORRECT FOR THE
CATEGORIES GKSM/GKSMO WITH RESPECT TO THE CLEAR ELEMENT?

The group resolved that the grammar will be fixed.

I CGMAI.II: SHOULD THERE BE A SUPER-GRAMMAR?

The group resolved that there should be a formal grammar.

CGMAI.10. WHERE SHOUD THE FORMAL GRAMMARS BE LOCATED?

The group resolved that the formal grammar should be located within the CGM Addendum.

3 ANSI.26: WHAT IS THE RELATIONSHIP BETWEEN CGM ADDENDUM 1 AND GKSM?
(I.E., IS THE ADDENDUM MEANT TO CONFORM TO GKSM WITH A
STRICT 1-to-I MAPPING, OR ON A MORE GENERAL LEVEL WITH A3 WELL DEFINED MAPPING?

The group resolved that a more generalized support with well defined mapping to GKS was
m appropriate.

I
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ANSI.25: SHOULD THE DISCUSSION OF CONFORMANCE INCLUDE REFERENCES
TO GENERATORS AND INTERPRETERS?

The group resolved that the discusion of conformance should not include references to generators
and interpreters. However, annex information can be sued to smake clarifcations or
recommendations.

BSI.2.2: SHOULD CONFORMANCE BE RELATED TO CATEGORIES? I

The group resolved that it would.

ANSI.27: HOW IS CONFORMANCE WITH CGM ADDENDUM I TO BE DEFINED?

The group resolved that conformance would be defined by category.

ANSI.1: SHOULD SEMANTICS OF ALL ELEMENTS IN THE ADDENDUM BE I
UNAMBIGUOUSLY DEFINED?

The group resolved that each element has unique semantics, where differnt functionality is
needed, diferent element will be included.

CGMAI.23: DO CLEAR. AND UPDATE HAVE ANY IMPLIED MEANING FOR THE IINTERPRETER?

The group resolved that by virtue of the unique semantics of the CGEM that this issue was moot.

BSI.2.3: ARE THE ROLES OF UPDATE AND CLEAR WELL DEFINED AND SUITABLE
FOR A WIDE RANGE OF CATEGORIES?

CXGMAI.15: DOES REDRAW ALL SEGMENTS CARRY WITH IT AN IMPLIED MEANING
ON INTERPRETATION?

The group resolved that these issues should be withdrawn. I
BSI.3.1: HOW SHOULD THE EFFECT OF THE REPRESENTATION ELEMENTS ON

INTERPRETATION OF THE METAFILE BE DESCRIBED?

The group resolved that the description is left to the CGEM annex that maps the CGEM opcodes
to the client Item Types. The actual effect is intended to be dynamic. In the case o( the Color
Table and Pattern Table the annex will clarify the relationship from that that is poorly
annotated in the CGM.

The meeting was adjourned.

I
I
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Minutes of CGEM Rapporte-4r Meet,-g
Sophia-A.ntipolis
25 May 1987
Attanding:E. Moeller (Rapporteur), A. Mumford (U.),F. Dawson i$S), L Henderson <S'LSSotoru Ki.avai Ja;a

U AGENDA FOR THE REST OF THE .%MEETLNG

The work aneeing to be draftd was considered. This includes:

1. Recommendations

2. Work on Claus" 0-4

3. Clause 5

4. Encodings

s. Mappings of the CGEM elements to the GKS itetm

5. Font mappings CGEM/GKS and guidelines to implemontars

7. Annex for mappings

8. Formal grammar

CCI LLAISON

I. It was noted thaT THE UPDATE issue had not been solved for CGI

2. CGI have asked us to incorporate DELETE ATTRZBMUE SET7 agreed

3. CGI Rap group are split on whether metafiles should be generated via t•he CGI

4. In wording of 2DPLICIT REGEN MODE it is believed that when spuuresed is alilowd t•e

regeneration will occur (not may)

S. CGI to add the regen pnding fdag to the CGI state

ITEM TYPES

The "up felt that item types should not be a part of the CGEM but of te f!unctiona, starlv
to A. .h they pertain. In the case of GKS the item types may be a part of an ,knnex to the 5rs$

addendum.

RECOMIvENDATIONS

It is believed that we can produce the mark up of the first addendum out of this meeting. The
addendum will reference the CGI text where appropriate rather than taking the tex- from the
first D?. The text will be produced in August. The next draft -hopefulrly DIS- will come out of the

nex.t SC24 meeting and the IS out of the next.

For Addendum 2 there will be no text out of the meeting. To -u agreed that we neede to have a
metafile for GKS 3D. It was decided to have a meeting in Sept. Dec timescle to produce a
workinh draft for comment and hopefully progression to Draft Addendum at the next 5C243 meeting.
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Location of SStment. in CGEM
Valboane, 34 May 1987

3 1. Introduaction

Segments are being added to the CGEM. The CGEM Eperts at the Sopha-Aatipolis meeting, in
consultation with the CGI experts., have chosen the CGI segmentatiom model for CGEM. This is
believed to be adequate to support GKSM (with the rtolotion of & couple of minor deiciencies,
now being considered by CGI).

One open issue (both in the initial ISO issues to% and raised aa," by ANSI in the US review of
the draft CGEM) is where segments may appear. It is agreed that they May appear in picturee
and have a definition that exists only within the the picture (thesa wil be ealled Local Segmenwl.

The question aros whether segments should be definable in one other place a well, such U the
metafile descriptor, and be referencable from sanwhere in the metahle (them will be called Global
Segments).

The CGEM experts feel that this is valuable functionality, that it can be included without
inventing new elements or concepts. and it should be included if posible. This paper describee
how the CGI/CGEM segmentation model provides such capability.

3 t. Goali and Dujgn Cricr-s

The segment model of CGEM is to meet the following criteria:

I. Local Segments should be provided;

2. Global Segments (globally retereacable segments) should be provided;

3. The mechanisms (functions and elements) to implement the two should be identical - no
new functions should be added;

4. Random access to pictures and logical independence of pictures should be preserved:

5. The segmentation model including both Local Lad Global segments should maintain a cean
state model of CGEM;

5. The model mlust be implealentable.

The CGEM sub-group working on this probl em defined the solution by addressing a number of
issues. T'he solution is described by the resolution of these, issues

3 3.1 se~re~'nC of MAdsroff

Does the CGI segmentation model, &ad the desired global segment capability, defned a macro
facility or a $egmentation facility,

Certain functions. particularly some control functions, may occur in CGIiCGEM between BEGINE•G,.•aN zd END SEGMENT. Thee functions are executed (interprter for mettle), but in
a ,egmentation facility do not go into segment storage. In other words, a COPY function would
not cause the rune:ions to be executed again. 1f a macro facility were being defined, then the
effect of these functions would happen 844,11 at invocation time (e.g., during I COPY).

It was agreed that the CGI model is a segmentation facility for both local and global segments.
No attempt will be made to provide a macro facility.

U
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.f WMiero Are Global Segmenu Defined

Are global segments defined in the Metafile Descriptor, or in a separate block (either in the MD or

following)?

Whereas the existence of a separate segmet delnition block is somewhat Cleaner in concept. it
would require new elements to be added and would lose some fnactioaality that is achievabie
through allowing the segment defaiitions to occur within the Metsiet Descriptor. Allowing a
segment delnition anywhere within the MD is the chosen solution. This allows useful interaction
with the MD elements (including Metil"e Defaults Replacement). A clean state model which I
includes a Global Segment Definition state is still preserved (GSD stat. is entered by BEGLN
SEGMENT while within the MD state, and exited by END SEGMENT).

$4 How are Segmcnts Accessed from Piasto II

Are global segments automatically known/visible from within pictures, or must they be
specifically invoked?

Global segments (those defined in the Metafile Descriptor) must be referenced by a COPY element
from within a picture for their primitives to become visible withing the picture.

3.4 MWa a Locw Segment and Global Segment Have t4. Same Name

May segments defined locally &Ad globally share the same set of names, or must the names be
unique?

The names must be unique.

J.5 How Are Primitive Attributes Defined and Bound

The modally applied elements comprised of Primitive Attributes, Control Elements (e.g..
clipping), and Picture Descriptor elements are modally bound to primitives in CGEMICri. How
do these apply to globally defined segments? 3
At the occurance of BEGIN METAFILE, and at every point in the metsrile thereafter, all modal
elements have a well-known and well-defined Yalue. These are the values that are bound to
primitives at the occurance of the primitives between BEGLN SEGNvENT and END SEGNCENT. I
The metafile descriptor in processed sequentially. Conceptually, there is a temporary state list of
all modal values (tempoaruy because the #tate lst is reinitiaslsed to default values at the start of
every picture), and this Itemporary state list' of modal values is updated aa expected as modal
elements are encountered. Segments may be defined throughout the Descriptor, and segment
definitions may be interleaved with Metafile Defaults Replacement.

Note that Picture Descriptor elements (e.g., LM•E WIDTH SPECIFICATION MODE) are bound
like all others, and that a bound value could be in conflict with the value tet in the Picture
Descriptor of a picture referencing (COPYing) the segment. This is an implementation detail for
interpreters to pay attention to, and it imtplementable (it exists in CGI now), but presents no
conceptua problems.

J.5 W'ati CAanea to Global Segments MWy Occur WitAin Picturea

Several functions would change the definition of segments, or their default appearance. These
include REOPEN, DELETE, and all of the segment attributes (highlighting, tran•form, etc). Are
these allowed within pictures when referring to a globally defined segment.

No, they must not be aflowed, Lf they were, then the metaile would no longer be randomiy
accessible. If segment attributes are to be manipulated, then the global segment should be
COPYed to a local segment, and the local segment should be =anipulated. COPY is the oniy
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allowable function referencing a global segment.

3.7 Whats Elsments ,al Occur Betwcen ,EGIN/END of a Geabel Sement

Certain functions like Redraw All Segments (RDAS) may occur bet won the BEGIN/E.ND of a
local mgsmet. The awe executed thea, but not stored in segment storage. They make so sense in
the Metatle Descriptor. Should they be allowed and defned as No-o*. or o& allowed.

They should not be allow*e. It in cleaner not have to specify the elect of a function by state.
Specifying allowability by state can be achieved with a formal sammar, on the other hand.
Thereforn, [WAS and a few more functions (to be drined) awe not allowable in GSD satse.

.3 Is COPY Allowed in GSD State

May the COPY function occur between BEGIN SEGMENT &ad END SEGMENT of a global
segment deinition?

I Yes, this in useful functionality mad valuable for data compression.

3.0 May DELETE and REOPEN Occur •n GSD itate

May DELETE of another global segment occur in the Metafle Descriptor, either in GSD state

(within a segment) or in MD state (outside of segment definition).

As long as it is understood that the metafile ie processed sequentially, there is no problem with
allowing DELETE. The same sequence may occur in the CGI. and implies certain
implementation constraints. REOPEN only makes sense outside of GSD state, i.e., in MD state.
One* again there is no problem in allowing it. An issue that has not yet been addressed is
whether these functions should be allowed in MiD state (as opposed to GSD state).

4. Summary

The CGEM experts considering the "global segment" question were unanimous in believing that
this is a useful reature and should be included in CGEM. No new elements are needed - the
capability can be provided with the set of elements already provided by CGI.iCGEM.
segmentation. The capability is provided utilising only the curent attribute binding modeis of
CGIiCGM - no modifications or new concepts are required.
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Minutes from CGM Workshop 9/15/87

Attendees: Mark Skall
Dan Benigni
Sue Quinn
Steve Carson
Anne Mumford
Peter Bono
Steve Jepsen
Ted Reed
Glenn Davison
Charles Tucker
Chris Osland
Kevin Hardman
Lofton Henderson
Jane Pink
Shiaron Kemmerer
Brian Rossin
Joe Collica
John Stoll

Gary Silverman
Pichard Carr

9:10 Mark jAall gave introduction explaining the history cf
the ccoference and the relationship with the Zurcpeans.
He also gave the logistics of the conference: each
speaker presents his/her paper and the audience
prcposes issues. We are looking for conclusicns to the
Issues that are proposed, and these will be included :-
a book being produced by Zurographics.

9:20 Anne "--ford exmlai-ed how the -utpt cf ccn feenýoe
will be used. There will be an Ni'S e=--ro produced a-
the :lose of this conference, and there is a
Euro-raphics Seminar Series. Both =arts wil: ze
incluced in the Eurographics book. Eurzeramhscs cetsI the c~pri~ and will cet all of the rovalties. A-'
patricipants will get one copy of the book.

9:25 Mark 4dentified the chairs of each session:
"" nne Mumford wi1l chair the papers on Prerfo- ance.
Mark will chair the papers on Testing.
Sharon Femerer will1 chair the papers on Cals.
Peter Bonc will chair the papers cn l.mementatitns.

9:20 :ntrcductions were made around the table.

9:40 Anne Muord ch.,aired the panel on performance.
Glenn Davidson presented his =aper titled " r:tcc
Comparisons, =GM and Cthers." He lmmenen:ed character
and clear text encodinas in VAXKS and 4d a
comparison of the two encodings. Peter Bonc as:ec
regarding the character and clear text encodýncs: are
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the generators intelligent enough not to pick up
superfulous changes? The response was negative. Ted
Reed inquired how a binary metafile would compare in
this study. Glenn didn't implement a binary encoding
so he did not have the experience to answer that
question. Lofton stated that the clear text encodina
is the most difficult to implement with all cf the
variations. He wanted to know what differences were I
found between the binary and character encodings. For
example, the control information in the encodings; if
you don't use the incremental (7). Steve ,epsen said I
that the displacement in character encodings is
basically equivalent to the incremental approach.
(***See Mark's notes on Glenn Davison**-)

Chris Osland was the next speaker to present his paper
titled "Bridge that GAP" where GAP stands for Gramn'ics
Application Protocol. He wanted to bridge the gapm l
between Crays and workstations using metafiles. He
stated that the CGM doesn't use all of the power that
is available to the machine and wanted to brid;e the
gap between the application and the workstation in a
way to use the all of the capab-lity cf the
workstation; with the workstation he wanted to be able
to SELECT and DRAW. He wanted to be able t: slo .
application profile data, not just graphics. :ns.eac
of using the CGM, he used :SO 8632; pars Z,2,4,
represent the encodings he used. rt e
efficiently, but it is a complicated standard tc -se.

He was able to send n elements of an item of one
groupp. Lt allows full use of the power cf a
workstation. Ted Reed incuired 4f Chris had lccked at
the remote procedure call to get the same results.
Chris replied that it was not availamle at hns s-- a n:
.e needed a solution i_4ediately because ýe -as
transm4tting an entire database.

10:10 Charlie Tucker presented his paper next sn "The
:mplementation of CGM as a GKS Metaf-.e." He inf ....
us that there was a bock available on CS:/CGiX from
Nova that could be ob.tained throuch hi=. Some cf tne
differences that he pointed cut were that GKSM ;s not
part of the GKS standard; CG. is static data - oture
capture whe.reas GKSM .s an aud-, tra_.. The GKSM :s
weakly specified such th.a t ere are no:
specificiations at the bit level; the CGM :s we!-
specified in this way. The GKSM has not :ioture
frames, and the CGM has no secment camazili-y - 7-:s-
be simulated by a GKS driver which is inef ficient. The
output mappings are suitable, with the excecticn of
text, and most functions are present for generat:on. m
Regarding interpretatin cf the CM02 by a GYSM: J5).Z
thinks the level of visibi"itv that t-e a=, oa:
profile should have is low. The implementcr needs tý
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map the CGM opcodes to GKSM item tvmes. Peter BCno
suggested that Annex E of the CGM standard c.n':2
addresses the level 0 case, and says notinng _f
segments. Lofton inquired about the simulation cf
bundles and predefined bundles in generation. Charl-estated that they are set up in the workstaticn
description table. Lofton also pointed out that the
GKS pattern and colour tables are dynamic and
unspecified in CGM. Charlie stated that he used CGI to
implement the interface between the CGM and GlKSM.
Chris Osland stated that workstation specific functions
caused ommission of certain functions and items i- C-M.
GKSM uses the metafile as a picture, whereas CM is
able to modify its contents. Peter stated that =m
elements will be eventually put together in a way that
can be used by GKSM.

Anne Mumford identified the following issues from ner
group:

I. From Glenn's paper:
a. the difference between the encodings and the

reasons for choice are the ones in the
standard collect;

b. differential chain coding needs to be locked
at;

C. sharing metafiels and the demand for
encodings.

2. From Chris' paper:
a. input to -SO work on addenda

3. From Charlie's paper:
a. using CMG in the GKS environment: do we need

consistent usage?b. Mark Skaii: item t'oes - addendum.

3 "i: 0 Sharon chaired the CALS session

Steve Carson was the first speaker 'n this session to
present his paper titled "Extending the CSM for
.>bis.i..g and Technical Drawing Exchan-e." He did a
study of the C•. to deterine its suitabi-ity in theCALS arena. e decided that it was suitable, but
extenstions to the standard were necessary. He
suggested the recistration procedures to do this. The
criteria he used for selecting extensions were
compactness, ease cf generation/inter-mretazion, device
independence, and consistency with other standards.
The extensions he suggested were linetypes, sIn•o s,
curves, text, images, and def. and instancing objects.
He used IGES, PDZS, and Postscript to get his ideas for
the extensions. Regarding images; Steve suggested that
we need raster input primitives to accept input frorI

I



scanners and files stored on disk. Lofton stated that 3
TPM is an interface to printers, and not a docunent
exchange protocol. The current CGM text model is not a
typographical model. He suggested that we leave it in
and add to it._

Peter Bono presented his paper "Raster-to-Vector
Conversion: A State-of-the-Art Assessment." He
presented the idea that CALS needs drawings in several
areas: engineering databases, bid packages, technical
documentation, and training. Mark Skall suggested that I
education of raster-to-vector implementors about Cam is
needed; also if it was possible to get the source code
from vendors and modify algorithms to intercept data
and produce CGM files. Peter. stated that vendors are
either liberal with the code or state that it -s
strictly proprietary information. He suggested two
companies that Mark might contact who would probably be
willing to provide their source code: Optigraphics and
Anatech. Peter also stated that suppliers should
supply CGM as an output format for vector and CAD data, I
but enhancements to CGM are necessar',. He also stated
that a user requirements document could be otta-ined
from the workshop and be sent to ANSI and :SO whicn
would be beneficial to all involved. He also stated
that they are currently looking at an IGES to CSM
translator. Steve Carson stated that using GS for
engineering drawings instead of CGM results in a loss I
of 95% of the data that is being transferred - CZM 4s
much more efficient. He also stated that for raster-
to-vector images, there is a need to compress them form
storage. Lofton stated that if you are preser;.-nq
documents, either form is appropriate. :f you wan: -t
modify the image later, then it should be stored .
vector format. Chris Osland asked about 2 E
reconstruction, and was answered that there .s no
demand in the market area yet. Lcfton stated that -
many enhancements that were suacested by Steve Carson
and Peter Bono have been added to C=LM, but others were
not added due to a strict time schedule for addendurs.
He agreed with Peter Bono that a user-reoaire-ents
manual generated from this workshco would be
beneficial. He also suggested that the US take the
lead on Addendum 3.

Lofton Henderson presented his paper on "The CXM
Application Profile for CALS: Current Specification
and Major Issues." He stated that the reason for I
application profiles is that the CGC syntax in the
standard is complete and unambiguous, but the
semanticas are left incomplete to make the=
endependent. Due to this, aenerators/intertre:ers
behavior is not standardized. The result is that there
is no single correct interpretation, which is essenzia. 3
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in the CALS environment where predictibilit is
reequired. Also, there is no way of testing
generators/interpreters. The application profile is a
resolution of ambiguous semantics and places specific
requirements on generators/interpreters. It deals with
functional extensions of the standard. The CALS
Application Profile specifically is the same as or is a
superset of the TOP Application Profile. Some of the
objectives and criteria used for the CALS AP were that
the CALS CGM must be a legal CGM, the picture
specifications must be unambiguous, the behavior for
generators/interpreters must be predictable, the data
formats for interchanges must be specific, and no
functional extensions were used until they have been
approved for Registration. Thoy are currently working
on ensuring that the TOP AP and the CAIS AP are
compatible. The first revision of the TOP AP will
probably be equivalent to the CALS AP. The binary
encoding was used for both application profiles. TwC
generator requirements and issues were identified:
mapping out-of-range attributes, and data structure
support and maximum primitive lengths (-1024 poly
elements, -256 color tables). Two conformance levels
were identified for interpreter conformance
requirements: publication quality (do it correct's.-
the entire picture), and preview quality (map color to
black/white, scaling mode, transparency and aux color,
<skewed> cell array, attributes per annex d defaults,
etc.). They chose to wait to use enhancements until
they were officially registered because too many
changes take place before the registration process is
over. The CALS proposal will go without extensicns for
now, and in a year they will be added in as revisals.
The question regarding using all three enccdincs in an
application prcfile was brought up. c.fton stated thaz
tne character encoding cculd be useful for
communication, but the difficultv increases having to
handle three encodings. A study needs to be dcne tz
see how useful the encodings are. He also stated that
3D needs to be looked at. Steve Carson brought up the
issue of the proprietary nature of fonts and succeszed
""Ithat the government come up with a good =ub-ic, font forgeneral use, which would save them money. He suggestedupgrading the Hershey fonts from 19f8.

Mark Skall identified several key issues in this area:
i. Levels of engineering drawings

a. concemtual and developmental design > use CZ;
b. prototype and limited producticn > instead
c. production > of Cr

i> n addition
> to ý_GES

2. ZGES is used for simulation - could CGM be used?
3. reliability and maintainibilityI
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4. Can CGM be used in reports?
5. to Lofton: it would be useful to know whic,

extensions have been done away with and which are
being used?

6. what do we do now at the interim for the CAIS AP
and the revisions in one year (how do you handle
the proposed items for registration that belong in
the ap)?

Mark Skall chaired the session on TESTING

Mark pointed out that testing does not get enough
attention during development of the standards.

Richard Carr presented his paper on "An Overview of OCA i
anl ODA Conformance Testing." ODA stands for
(eectronic) Office Document Architecture standard, and
is in its 2nd DIS stage in ISO. ODA is an interchange
format that is used for processable documents. :t can
include future architectures based on the way it is set
up. An application profile has been developed for .he I
U.K. He discussed the ODA model (section 3 of his
paper). He pointed out that there are several document
classes, categorized by the common characterlstics they
share. As far as conformance testing is concerned,
there are three document architecture classes with
various levels in each class. The emphasis is not on
application profiles, and not on the levels (wh.ich may
eventually disappear). Conformance testing in the OCA
standard area is also concerned with compatibility with
other standards. Within the application profiles, a
superclass of objects is defined. He went over the CGA
testing environment, which is on the last -ace of his
paper, but used a newer environment on nis viewcra:n, 3
which includes value-added testing that is not re=%ireU
by the standard. To relate the O0A testing envircnenz
to that of CG'M, he said all that was necessarv was to
change the document analyzer to a CGM content analyzer. I
He stated that DAPs will be registered by the

registration procedures.
:n the discussion that followed, Richard stated that-i.
the ODA Application Profile was writt:en w:th the 0P I
Application Profile in mind. Mark was asked tocet a
copy of the "NBS/ODA Implementcr's Agreement" from Fran
Neilson. Peter suggested looking at the NBS/CA i
implementor's Agreement and the ODA/TOP AP to see how
closely is is associated with the TOP and CALS APs.
Peter suggested that the following should co in the 3
users requirements manual: how an an should _'-" 0

should they use.

Jane Pink presented her paper on "Testina of the I
Computer Graphics Metafile." She infcr.-ed us that this
was an "ideas only" paper and that she was locking for
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feedback from both implementors and users. She
presented us with a brief history of NCC and described
the types of testing they do: conforming, non-
conforming, and capacity programs. For CGM, she
suggested that we would want to check for correct
storage of format, correct generation, and ccrrect
interpretation. However, the standard is not concerned
witht he performance of interpreters and generators.
There are two levels of conformance that we need to be
concerned with: full conformance (using one of the
three encodings) and functional conformance (which
could use a private encoding). Conformance c.hecking
for the CGM is limited to full conformance and syntax
checking only. However, it would be useful zo do
evaluation testing which would test int-erpreters and
generators. TO test for conformance, a testing lab
would use a syntax checker which must be able to deal
with three encodings, and this would have to be done inan automatic fashion. To do evaluation testin; of
generators, which is outside the scope of the standards
but may be within the scope of an application profile,
the testing lab would need to provide sample programs
to the client for him to generate, or provide mictures
to the client as a backup procedure. This would result
inmanual checking of displays. To do evaluation
testing of interpreters, the Implementation Under Test
(IUT) would generate metafiles and the lab would need
to look at the displays once again, on site. A= this
point certificates would be issued if appropriate. The
reference implementation would have to be an
encoder/decoder which could handle all three encodincs
correctly, and perhaps incorrectly. The testinz lab
would need a comprehensive database of meza:~es
testing all features of the CGM (the GKS suite c:ul
perhaps be used as a starting point). '-O pass/f-l
criteria could be established for test.ng 4-terrreters
and generators as t-is 's only value-added testing.
The problems with this method is that automatic testina
is limited and it is manually intensive. Also, true
remote testinc is not possible as the testing !ab wcul
need to travel to the site being tested.
In the discussion -hat followed Jane's paper, Peter
Bono pointed out that there is an immediaze need fcr
using these test files in NCGA, and that implementors
would be willing togenerate these test programs that
would cover the full CGM. Gary Silverman stated that
prior to testing the syntax of a C-M the ambiguities in
the standard would need to be removed. Peter ocinted
out that a mechanism is needed where implementors and
users can ask questions regarding the interpretation zf
the standard and receive an answer in a reasonable ti=e
frame. He stated that users and implementors need tc
be educated in knowing that there is a CGM Control
Board out there and that answers are available. P;etrI al. ee
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also mentioned that in the latest ANSI mai;ing,
document X3H3.87 was a paper by Dave VAndershell on
CGI/CGM relationss. This proposal on the CGI binding
to cover the CGM binding would allow you to pass an
application program... (?). John Stoll informed us that U
he has programs which do evaluation testing of •s,
but he needs a reference point. Steve Carson suggested
a way to handle private encodings in the functional I
conformance area. He suggested building a parser •o
test the metafile itself that is table drive. Peter
knows someone who is doing this now with an interpreter
(see Mark's notes). Anne Mumford suggested that Ca.ry
Silverman's experience would be useful here. She
stated that difference in this model and the OSE model
is that in the OSI testing layer 4, you know what comes U
above it, but with the CGM you don't (you could put a
functional standard above it).

Sharon Femmerer presented her paper on "A National
Bureau of Standard Conformance Testing Program, Ideaas
and Procedures for Graphics Testing." -n _t she
proposes a process on how to develop a test prograz for
any area in computer graphics. The FIPS for GKS, CGM,
and eventually PHIGS would be affected by this. Her
goal is to eventually produce a FIPS that is a step-6v-
step procedure on how to become certified.

********************Sharon Kemmerer took notes here********-****-

Peter Bono chaired the session on Implementation. I
Anne Mumford presented her paper on "The Use :f :he
,om=uter Graphics M-etaf'e in tle U iversR
cc-unity."l She stated that there was =uch cnfusion

tn •he university enviror.ment regarding software,
hardware, and te--inals. The reason she stared using
the CGM was that the turnaround ti.me was too long for a I
job to be completed. Now there are many choices 4hen
she needs something done. She used the character
encoding. At plotting time, she is able to use anv I
plotter she desires, which provides her with more
flexibility and the ability to add different devices to
create any possible configurnation desired. She
encouraged other universities to use the CGM as well as
to share their resources and newtworking. Her CGM
project was a character encoding with a F"RT•P•N
interface to GKS-UK and a co.mcn packaage. She needed
to write the software to do the job, and to persuade
othe:. to use the CGM. Peter Bono asked if her
development work included writing a generator and an U
interrete-, and ;he replied yes. He also asked whymicros were excluded fro= her configuration, and why
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3she did not use th!-e binary encoding. A.-,ne re-I.:ed t!hat
"'Ile micors were excluded --y~sio. an~ -.t nat '.%e
initial. intention was to use t~.!e cnaraICter e c-s-nq an
the binary encoding wJ event-.a--y :oe zpeet
Lofton asked if t~he CXIM can stand alorne. Arzne re; ;iez
that it is a subroutine !i-*rar-;. Lo-ftcn pcintecot
that the irut_ýal action on thýe part of tne UýS was t;:Iimplement the binary encoding, whereas the -,ný i ta I
action i n th.%e UK is to implement the c!-,ar ac te:r
encoding. Xnne said that th~s was due to the~r iniýtia_Ireading of the standard, and_ now th-a t they have access
to efficient ne--wor-xing they are cco*nq to qc cacK ano
implement the binary encod~ng. Chr s Cs and state=
that. the b'inary encoding was -'=:)ss;,b-e wit- :ne '.'ven
networking facil',ties iI.,.te ~

: ohn S toi 11pesented ti s paper o n "Tte C S:
implementation at M.connell Dougqas.11 H-e stated tnat
one of the most usefull applications is the azi.l:': to:
trantsfer compound doc'ments. MO needed a s-'nze
corporate metafile to handle ln-hcuse and factary-, .ses.
71he corporate plot file was omol~emented as tne CI

page 3 of his paper, he =cints c-,t- t--at n
documents have both con-tent and struc-t-ure. There arc.Itwo standa-rds, name>y SGM:. and wA/ni ~n are
emeraIna to handle the structure. SGX:2. l eaves m*uc..
to the imp'lementcr and he therefore looked at C:A. 15~
CS2M interpmreter i.s r.ea-- an e...etent parser. -e a 5
s ta t ed that h e I s now mainta--ning t!he C
"Vendors./:==lementors :.-st, wh'ch Peter s-uocested mav '-e3transfer'red to N.CZAr for maintenanCe.

Ted zeed =resented his paper entitled After -e
of Metafiý_es - Wrnere o:es zt-e CIZM rt?" H-e wr-:s atI Z~os Alamos, w io s a do:versp and s,:a-'..e -'
7helr s,.Istem n-aý! ceen o~toimied -'::,zi~ soo-
He stated th'e fo:__* .ng six --ss-.es are nezessar.'PS

softaresuportfor the CCXM:

e. nt = enera...-n.. the -CX,
(2, cnsistenCV of :;is=a-ed iza~es or.

--d-ffrent de.'ices 'oCf aenerators an-'
inter-ret'ers o-n the same cievioeI

2 ra=od rand`= access to any C:I --:-ace,I14" C7C software op'- across rar-.:
envr.;;orents,

7= ra- -atrs -et-.-een thie CZM an-- zzýs
orapnia.for-roats. a,.-Ia sE eC bsd grapnh,=s edito*:rs.

He stated that d-ur,_*c th'e transfer of tne curre:-.
system at Zcs ;ýamzýs they n~ eecz to art
systems. -this w take severa. yýears to oorz-=ete thýe
=r~ocess. Garv =c:ern onted tre-ardoc -ten



above that the standardlzatcn of fonts .s needed, as I
well as a standard default color table, and tne need
know which application prof.le is being used.

Brian Rossin of Wang presented his pacer on "The
Ramifications of Adopting the CSM as -• Y.AGZ F--
TRANSFER MECHANIISM." He stated that there were not
enough hatches define in the CGM standard. The Wano n
CGM (WCGM) defines 125 hatches in their _.Mp.Ieeentat.o,.
However, the problem they meet with such a large nur.ter
of hatches is that when a new device is added to a I
configuration it is difficult to keep the hatcnes
consistent. Brian stated the reason for movinc to tne
CGM was corporate acceptance. Chris Csland pc;nted oz I
that the iSO 20.22 conventions cou.d be used
inquired whether Brian was going to use this cr
something else. Brian replied 'that he was going tc use
both because there was a need to back support tne I
existing Wang implementation. Steve Carson pointed out
the number of hatches necessary is large, and Lcfton
Henderson suggested that the generator could take the I
burden and produce a user-defined hatch. Peter tr.....
up the issue of extensibility.
The issues that Peter Bono pointed cut "*t fr
position as chair were:

1. gather user reduirements
a. real end-user I
b. application developers
c. business graphics

2. education I
a. corporate
b. external users
C. Nova's book 3

2. need and value of cýudelines
a. when to use cer-ain features

other categcrles where recz::eniat:zns
b e useful :,

4. user requirements and barriers to acceptance
a. reccm•endat:cns to new a::lizatc-. :rCfn.es

to get around the current -arr-ers =ue tz I
current status of standaros.

Kern Hardman spoke on the MAP/TOP Application P=ofie. He I
stated that version 2.0 is open for ccznenzs and cnances.
He stated that the purpose of the TCP C5M AP was to zrznc:te
interoperabiIlty and to de'ine what is ou;s|de the scote cI
the standard. The user is able to preset defaults ana set
limitation 4s he knows he is using a :IP CGM, but he is azle

still explicitly set other parameters. He Iisted the
foll!owing events as demostrations of the TOP.- AM:

1. NCGA '88 in Maa r.
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S2. NEN 'e8i from June 6-8 at the Ba.ltimore Cnvent:=n

Centar.

I Meeting was adjourned and the group Spli ..... ae:s~~

to di.scuss their issues.
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Purpose
Teof this addendum is to extend the CAM to effectively fulf:1l
the otCiure transfer requirements of:

1) Engineering drawing and technical illustration
2) Graphic arts qualiry pictures, including geometric graphics, :aster
iages, and text3)+ -echnical publishing

An additional intent is to keep pace with the graphics requirements of
office systems, especially CDA requirements.

Scope

This addendum comprises a set of elements which will extend the
capabilities of CAM as needed to meet additional user requirements in
engineering drawing graphic arts and-technical publishing. 7he set of
elements should include all elements necessary to meet those
requirements. it should be the minimal set sufficient to meet those3 requirements effectively.

The following preliminary list of capabilities is identified as
necessary to meet these requirements.

3 1) Advanced 2D graphics, to include:
- Bezier curves
- Rational B-splines
- Parametric spline curves
- Line attributes of line cap, miter and join
- Composite line orimitive
- User-defined line types
- User-defined hatch styles
- Additional standardized hatch styles
- Artitrary text zath
- Onics and conii arcs

2) 7ex: and font model of VC 954., informati:on Pr:cessinq--F:nt and
Character :nfcrmation interchange

3) Picture composition and control to include:
- Arbitrary lclring boundary (general closed curve)- Shielding- Alignment

4) Additional cclor models beyond RGB-II
- C2MYB
- Named coiours

5) Additional raster graphics (scanned image) capabilities

6) Symbols: external reference to "standard" libraries of named symvcls

3 The scope of this addendum assumes that the capabilities of COM
Addendum I and Addendum 2 are available.
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JustificationI

CGM users have found that in some application areas the oresent
standard provides a general framework hat is suitable but lacks scme I
functionality regaired by these applications. These application areas
include engineering drawing, the preparation of graphic arts quality
presentation materials, and technical publishing.

A recent wvrkshop sponsored jointly by the NBS and Eurographics, I
entitled 'The CG4 in the Real World', examined this issue and concluded
that the CGQ lacked capabilities to effectively meet scme advanced user
need.. As an example, for engineering drawings, it is difficult if not
gossible to effectively represent some higher-level constructs, e.g. I
slines and curves. Though such constructs can be simulated with
simpler primitives in the CGH at present, it is impossible to mnaintain
accuracy and visual continuity and still retain device-independence. 5

In all cases, there is a recuirement to expand CSH text to include
font definition capabilities that are consistent with the !SO 0P954
font standard. The font definition as it exists in Ho 8632 (w-) is
too general for practical-use. Even though several fonts are identified
in the TOP V3.0 CGM Application Profile, these fonts are not adequatefor publishing and graphics arts applications.

Many publishing and graphic arts systems use color models other than I
RGB. tor efficiency and ease of implementation in these areas, f:r
example, additional color models are needed. it also became apparent at
the workshop that the Cell Array primitive in the CGM is not adeauaze
for most applications that use raster graphics. Thus, this addendum I
will also provide additional raster graphics capabilities.

Program of Work 3
The following schedule is proposed for CGH Addendum 3:

December 1987 - US Proposal at Berlin SC24 meeting I
December 1987 - i.itial Draft (ID) available
January 1988 - Joint ANSI/ISO meeting produces Working Zraf; 00•
July 0988 - WD ccmments processed at SC24
Feb:uarv 1989 - DOP ccaents processed; 2nd DP produced
August 1989 - DIS text produced
August 1990 - Final 1S text; publication of :S U

I
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I CGM PRESENTATION USER REQUIREM!IQ$r

APPLICATION

USER FUTURE ENG. TECH. BUSINESS OFFICE PUBLISH-

*RQIMT NEED D MA GRAPHICS SYSGTEMS

ADV. CURVES/BEZIER X X X X X
2-D3 GRAPHICS PATH X X X X

PEN - '?

3 CLOSED
FIGURES X X x X X

ARBITRARY
CLIPPING X X X

$ SPLINES
(CONVEX/B-) X -

USER DEFINED: /////////////////////////////////////////
LINE TYPES X X X X

CAP,JOIN,3MITRE X X X - X

TEXT/ IMPLEMENT
I FONTS ISO DP 95401 X X X

COMPATIBLE
TEXT & FONTS - x X X A

I ARBITRARY
PATH - X X - X

ICOMPOUND ARBITRARY
DOCUMENT CLIPPING X X - - X

3ALIGNMENT X X - X

SHIELDING X X X - X

ICOLOR INTERPOLATED
FILL - X X - X3 OUE: ///////////////////////////////////,///,,;.///////////,SMODULES:v
CYMX . ... X

NAME THE
COLORS - - X - X

I
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CGM PRESENT ATION USER REOUTREMENTS 5
APPLICATION

USER FUTURE ENG. TECH. BUSINESS OFFICE PUBLISH-
ROMT NEE DRWG MAN. GRAPHIC$ SYSTEM!S iig

COLOR(cont.) CIE X 3
COMPACT- STORAGE X X - XNESS ( 1)

TRANSFER X X X -

EDITAB- APPLICATION
ILITY STRUCTURE X X X X X

SEGMENTATION X X X X X 3
RANDOM
ACCESS X X X - X

MACROs X X X X X i
IMAGE RASTER

ATTRIBUTES X X X X X

DEVICE-
INDEPENDENT
RASTER DATA X X X X X

SYMBOLS EXTERNAL
(LIBRARY) INTERFACE X X X X X

USER-DEFINED X X X X

PATTERNS/ USER- •
HATCHES DEFINED X X X X

DR. CARSON'S i
RECOMMEND-
ATIONS(2) X X portions portions x

KEY
X = REQUIRES - DOES NOT REQUIRE OR IS NOT HIGH PRIORITY

S= GROUP WAS UNSURE CF REQUIREMENT
Portions = SELECTED PATTERNS/HATCHES FROM RECOMMENDATION

NOTES: 3
(1) "Compactness" was recognized as a general need for the applicati-os
designated, not necesarily falling under the scope of user reculremenzs
needing future additions to CGM.

(2) Carson, George S.,"Extending the CGM for Publishing and Technica.
Drawing Exchange," GSC Associates, Inc., 7 August, 1987. I
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3 FINAL REPORT

I CALS SOW TASK 2.2.3.3.3

UA REFERENCE IMPLEMENTATION FOR CGMt

FUNCTIONAL REQUIREMENTS AND CONCEPTUAL DESIGN
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I CALS CGM Reference Implementation

I. PURPOSE

Plan for development of additional CGM conformance tests needed
to validate software that generates and interprets (reads)
metafiles (CALS SOW Task 2.2.3.3.3). The approach taken in
defining these tests has Deen to develop a plan for a reference
implementation for metafile generators and interpreters, or a
piece of software capable of generating any legal metafile and
capable of interpreting any legal CGM (Computer Graphics
Metafile), including testing for the CALS Application Profile.
In particular, this report provides a functional specification
and conceptual design for this reference implementation, as well
as how it might be used as a basis for CGM testing tools cr as a5 model for a CGM test service.

3 II. BACKGROUND AND CONCEPTS

1.0 The Development of a Standard for a Graphics Metafile

1.1 A Brief History

I Many computer graphics applications have a requirement for both
the output of a picture onto a device and for the storage cf
pictures in some way. This storage may be for a number of
reasons including:

- long ter-m storage of pictures;

--transfer of pictures to another machine;

- off-line spooled plotting where the picture files are
queued;

The requirement for data storage of graphical images has been
seen as a requirement during the development of graphics
standards. The functional standards which have been developed
(GKS, GKS-3D, PHIGS) all have the capability for the storage of
graphical data and the subsequent inclusion of stored data into
an application. The file in which the graphical data is stored
has become known as a metafile. A metafile is created, or
generated, by an application. It is then read back, or
interpreted, into another application.

The functional standards recognize the need for the storage of
graphical data in various environments. This is realized through
the storage of the data in a metafile (for example, the GKS

I
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Metafile, GKSM). The functional standards have the concept of
workstations for Metafile Output (MO) and Metafile Input (MI) and
they supply the functions providing access to, and interpretation
of, metafiles. The functional standards do not, however, define
a metafile format as part of the standard. Annex E of both GKS
and GKS-3D suggest a format suitable for he storage of metafiles
from the GKS and GKS-3D environments but -iese annexes are not a
part of the standard.

Rather than develop the proposal of the Annex to the GKS
standard, separate work was initiated in the area of a metafile
for computer graphics. At the time this work was initiated in
the standards arena there were requirements for a standard
metafile which could not be met by the proposed metafile for GKS
which is now found in Annex E to GKS. It was felt that a
metafile had applications outside the GKS environment and that
this constituency needed to be satisfied by the production of a
standard in this area. This has resulted in the current standard I
for the Computer Graphics Metafile.

The GKS concept is of an audit trail metafile where the entire
process of generating a picture is stored for future replay. i
While a picture is being interpreted GKS anticipates that the
application may or may not choose to interrupt the replay with
some further graphical output or input. In contrast, a metafile
to the CGM standard captures a snapshot of the graphical image.
Any elements which imply dynamic change to the image are nc i
incorporated into the CGM standard. This was an intentional I
philosophical decision but can cause prcblems for GKS
applications ,.-ishing to write metafiles to the CGM standard. The
relationship between the CGM and GKS is considered further by
Brodlie, Henderson and Mumford (1987).

It should be remembered that the CGM is only concerned with the
storage of graphical data. It does not store information about U
the structure of the picture which it comprises. There are no
possibilities in the standard for reconstructing the way that the
picture was built. The CGM does not store any other information I
concerning the picture such as producu data. Such information
may be stored as APPLICATION DATA, but has to be done in a
non-standard way.

1.2 The CGM Standard

1.2.1 The Roles of the Standard

The CGM standard has two distinct roles. The first is to define
the functions which need to appear in the metafile and to lay
down rules as to the structure of the metafile and the order and
position of the various elements. This part of the metafile

2I
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standard is defined in Part 1 of the CGM standard. The second
role is to define the way that these .fu•.•tcns are r-ecorced i
the metafile. This is known as the enccd-ng of the elements
defined in the functional part. Parts 2, 3 and 4 of t-e CcM
standard are concerned with the encoding of the elements .!ose
abstract functionality is described in Part 1. The CGM also
contains a formal grammar in an annex to Part 1 which descrlbes
in detail the behavior of the elements.

Some details of the structure and encoding of the CGM standard
which are necessary to understand the proposals made fcr the
Reference Implementation are discussed below.

1.2.2 The Functional Specification

A metafile is a collection of elements. These elements may he
the graphical primitives such as polyline, polygon cr attributes,
such as line color, which describe the graphical image, cr may be
information to the interpreter about how to interpret a
particular metafile or a particular picture. The 0GM s:.da..
specifies which elements are allowed to occur .n which -csit--cns
in a metafile.

The CGM standard defines the following classes of ee!en "s:

- Delimiter Elements, which delinit sianificant str..:tres
the metafile.

- Metafile Descriptor Elements, which describe t-e f..t..n
content, default conditions, ide-n t IC : 'n,ý •
characteristics of the CGM.

- Picture Descriptor Elements, which set the inter eat-
modes of attribute elements for each picture.

- Control Elements, which allow picture boundaries ar'd
coordinate representation to be modified.

- Graphical Primitive Elements, which describe the visual
components of a picture in the CGM.

- Attribute Elements, which describe the visual components cf
a picture in the CGM.

- Escape Elements, which describe device- or system-.e.endent
elements used to construct a picture.

- External Elements, which communicate i.nforaticn not
directly related to the generation of a graphical image.

I
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A metafile conforming to the CGM standard is a c:lIect_:n c f
elements from the sets in the list above. The permssile
relative positions of the elements follow ru..es defined in thne
abstract syntax. These relative positi •ns can be 1ndlcated via
the use of states which are defined in the standard. The states
which are recognized are: i

- Metafile Closed State which is prior to any elements beIng
written

- Metafile Description State in which Metafile escriptoi
elements may appear

- Picture Description State in hch Pic-tre -escr-ptcrI
elements may appear

- Picture Closed State which is prior to beginning a plctýurae

- Picture Open State which follows the opening of a picture
and in which Control. Graphical Primitive and Attritute I
elements may appear in any order

- Partial Text State which is between calls to :e>t text
where strings are incomplete between calls I

Escape and External elements can appear .n any state.

These states comprise a useful concept for def:nina ;ere
elements may appear. These states will be used later in =•ns
report where the conceptual design is considered.

1.2.3 The Encoding of the CGM i

Requirements of the Encodings I
There are different requirements for data storage and transfer.
This is not necessarily specific to the graphics communi..
These requirements include:

- minimal file size; 3
- ease of transfer across networks;

- the speed with which the data can be generated and i
interpreted;

- the readability of the stored files. i

4I I
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SIt is not possible to give equal weight to these re-rements,
and the choice must depend on the app Ication. Focr scne
environments it may not be necessary to transfer the stored data
to other machines; in another environment it may be advantageous
to be able to edit the graphical data which is stored, in wh.ch
case readability becomes important. To address these different
requirements the CGM defines three encodings, namely the
character, binary and clear text encodings contained in Parts 2,
3 and 4 of the CGM standard, respectively. These enccdings aredescribed briefly in this section.

The Character Encoding

i The character encoding is found in Part 2 of the C-N st :.
The main concerns of this encoding are to ensure th.at the
encoding is compact, and to guarantee ease of transfe•r ....
networks between machines. To achieve this second aim, the
character encoding is made up of only the Ascii printing
characters. Each element is coded as an op-code followed by the
data associated with the element.

The Binary Encoding

The binary encoding is found in Part 3 of the C-M standard. 7,e

emphasis of this part of the standard is cn ease .f gener•:-..
and interpretation of the CGM. For this reason the stzrae
the graphical data is in a form which is easily
translated on most computer systems. Although cc.,•acesg ',;>
not the primary consideration when tn-s enccd.;.n .a --
developed, the encoding should not be seen as ineff "e• n- ýn
storage. Many applications have fcund t.ha tere •s
significant storage overhead in using ths e-ncCdig rather t 7,
the character encoding. The binary encoding does use a fzrrat
which may cause difficulties when transferring the data between
machines which do not adhere to the developing netwc. Kin
standards. To date though, this has been the ncst Ccvular
encoding, and it has been adopted for the CALS and A,' ::P
Profiles.

The Clear Text Encoding

The clear text encoding is found in Part 4 of the CI.M standari.
The data which are stored in a clear text-encoded CGM are human
readable. This allows editing of the metafile, which may be
useful in environments where editing is more beneficial than
minimizing file size. A translation of a metafile in one of the
other encodings into the clear text encoding -ay fac:;tate
debugging of an invalid metafile.

Private Encodings

The CGM4 standard specifies the abstract functions independentlv

*!
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of the encodings. This means that a CGM can 1e rt'ten -,n a
private encoding while adhering to the principles -a-d cut In
Part 1 of tbe CGM standard. This may have limited application,
since there may be insufficient interpreters for such an
encoding.

1.3 Conformance of the CGZ(

The conformance statements in the CGM standard relate to the
conformance of a metafile. They do not refer to the conformance
of the generator or interpreter. There can be no expectaticn
that a metafile sent to an unknown interpreter will be understood
by that interpreter. Groups of users, such as CALS and MAPiTC-P
users, are concerned about this, and are trying to reduce the I
problem.

The CGM standard defines two levels of conformance: fu3
conformance and functional conformance. Full conformance cccurs
when a metafile conforms to the abstract functional specificaticn
of Part 1 of the CGM standard, and also uses one of the three
standard encodings. Functional conformance of a metafi'e .....
when a metafile conforms to the abstract fut n a[
specification, but a private encoding is used.

Thus, the standard is very liited i.n its :z:r77ze
requirements. This should be re-embered when CC", a... t;_•r_ i
purchased, since there can be no auaranýee of min;mu7 suzcrt. Z-I,
generator or interpreter software.

2.0 Using the CGM I

2.1 A Flexible Tool for Graphical Data Storage i
The CGM standard offers flexibility for thesotare supli, er n
wishing to use the standard as a means of storing graphical data. g
The range of choices implies that there is some danger of the CGM
being little better than a proprietary product, depending on the
options chosen. For this reason it is advantageous if groups of
people wishing to transfer metafiles all use the same subset of
the CGM options to guarantee the successful exchange of graphical
data. It is for this reason that the MAP/TOP Application Profile
and then more recently the CALS Application Profile have been
developed. These Application Profiles state the elements which
are legal for that Profile and the element ranges to which alli
software will adhere. These Application Profiles specify a I
maximum requirement for generator software and a mini:-un for,
interpreter software. They also allow the possible use cf
registered and private Escapes, GDPs and other regIsterablen
items.

S i
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The CALS and MAP/TOP Application Profiles are now close to fna
approval; however, there are other possible groupings of elments
which may emerge. The various possibilities for applica-:cn
profiles are discussed below.

1 2.2 Application Profiles

2.2.1 MAP/TOP

The CGM is to be included in MAP/TOP V3.0 due to be published
during 1987, and it defines the most appropriate specificaticn of

_ the CGM for the MAP and TOP community. The ProfIle chooses the
binary encoding, and restricts the encoding to the long tornm for
command headers and strings. The defaults chosen are mostly in
line with those specified in Parts 1 and 3 of the CGM.

2.2.2 CALS

The CALS Application Profile has been developed under a separate
mNBS task. I1 considered the AP/T`CP Profile and made cnazzes
based on the CALS requirements. Fonts, line styles an natc:n
patterns are important areas where a profile designed f:re
community may be insufficient, and these are defne•
Profile for the CALS projects. The work cn the ?rcf '
suggested that consideration needs to be •i°en t: a .
technicues beyond those of the "'"PCP Prcile. T t
involve an imple-mentation burden rof in.e.. ..- e-
software and testing software. In the first instance :- :s
recommended that the binary encoding should be the on'- '--,e
specified. The Reference Implementation described in this recort
is, however, designed with the possibility of being used as oart
of other software to write and interpret metafiles. Th:s mav
lessen, or at least share, the burden. The user fac'i"t-les
described in this report and the testing software arc
applications on the underlying core of generator and interpreter
software.

2.2.3 Other Profiles

mODA/ODIF

A standard for the Office Document Architecture (COA and for "ts
transfer format the Office Document Interchange F=.rat (OCF) is
being developed in the standards arena (ISO DIS S613). The
standard recognizes the need for mixing text and graphios, an;
the CGM is used for graphical data storage in a docunent. The
-graphical storage is described in Part 8 cf the standard, and is

7

I,



I

known as the Geometric Graphics Content Architecture (GZCAA.
uses the binary encoding of the CGM with limited mcdification of

the default rules. However, the majority of the defaults c-osen
are those detailed in the CGM standard. The metafiles are
complete, but only contain a singie picture, and do not use the
Escape or External elements of the CGM. The relationship between
the CGM virtual device space and the ODA basic layout object is
also described.

Metafile Categories

The CGM is now being extended via addenda being developed within
the standards arena for further 2D and 3D suppcrt. The addenda
are seen as defining categories which limit the elements
available, the behavior of the elements, and may limit the
parameters available to a ca-egory. In effect, these too are
application profiles for use in particular envi.ronrents, for
example, a GXS environment.

CGM Shorthands and Defaults

The CGM currently includes two shorthands for groups of eenents
which can be used in the list of elements which are n
particular metafile. There are also defaults both for the
abstract functional description of part 1 and for the three
encodings. These could also be seen as being profies, and -t

may be useful to know if an implementation includes the "
as a minimum, or whether it supports the shorthands •esor U
the standard.

2.3 Summary

Application profiles of one kind or another are certainly anini
momentum. These may be formal ones such as the CALS Application
Profile or may be just groups of useful elements or defaults. As
metafile categories emerge in the addenda, so the concept will
expand. The concept is also used in the emerging Conputer I
Graphics Interface (CGl) standard. The incorporation of the
concept of application profiles into the Reference inple-entation
for the CGM and any associated applications and utilities is
vital. This report makes considerable use of the application
profile concept. The ideas included may be extensible to other
graphics standards which include profiles, such as the CGI. 3

I
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3 III. DISCUSSION

1.0 Content and Structure

This report .is consideration of the requirements for, and the
implementation of, a Reference Implementation of the current
standard for the Computer Graphics Metafile (CGM) (ISO 8632, ANS
X3.122-1986, and FIPS 128). The report looks at the functional
specification of such an implementation and the conceptual design
of the software, and considers the way that this could be used
for testing purposes.

3 This section of the report contains two parts:

1. The functional specification of a Reference -p~lementation
for the CGM (Section 2 below);

2. The conceptual design of this Reference nplementation
(Section 3 below).

2.0 Functional Requirements of a CGM Reference ImplementationU
2.1 The Need for a Reference Implementation
The CGM standard offers a useful method for the storage zf
graphical images. It defines a wide range of options "hich can
be used by the generating software. These opticns include, for
example, the precision of the data which is stored anJ t-e wa:
that color is defined within the metafile. There is ho.e.er, no
guarantee that the interpreting software will he able to make an-y
sense of the metafile. The standard does not specify t• •
behavior of generators and interpreters, and this makes it
difficult for the purchaser of CGM software to guarantee that the
software for generating and interpreting metafiles is what is
required. Application profiles, such as the one designed for
CALS, attempt to limit tie use of the standard. Those parties
who use the CALS Application Profile should be able to predict
the behavior of the generator and interpreter software. Themetafiles written by one CALS application can thus be guaranteedto be understood when transferred within the CALS environment.

It is important to ensure that the CALS Applicaticn Profile is

adhered to by software purchased for the CALS effort. Therefore,
it is necessary to offer some form of testing service for
software to ensure that software does conform to the standard and
to the CALS Application Profile.

In order to accomplish this, it is necessary to develop a CGm
implementation capable of generating and interpreting metafiles

* 9
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to the CALS Application Profile. Such software can be used in
the testing of CGM implementations. In the long term, however, i
it may be too limiting to develop software solely for the current
CALS Application Profile for a number of reasons which include: 3

- The CALS Application Profile may be extended to take into
account the future needs of the CALS community.

- The Profile may be extended in the future to include those
elements which are now under development within ANSI and ISO
to extend the CGM for further 20 and, eventually, 3D
support.

- There may already be requirements in CALS to use other
profiles where appropriate. This might include the MAP/TOCP
profile. Also, there may be a need to adopt the limits
imposed by ODA.

To limit the CALS implementation to the CALS profile is therefore
too great a restriction both today and for the future.

There is also a requirement in the United Stztes and else, .... re
for a general CG.M testing tool. This was discussed at a reeting
in Dislev, UK in March 1987. Representatives frcm the Natizral
Bureau of Standards attended that meeting. CGM testi-na .as a.;s I
a major discussion area at the NBS/Eurcgraphics workshop cn r
CG34 in the Real World" held at NBS in September 1987. The jieas
from those meetings have been incorporated and develcped in this 3
report where appropriate.

The needs of CALS and the general requirement for CGM testýino
means that this project should not be too limited. Many of the
decisions being made for the CALS implementation are also
relevant for an implementation with wider use. Therefore, the
software discussed in this report will take a broad view. :t I
discusses a reference implementation which is capable of
generating and interpreting any metafile. The software also
takes into account the need to test application profiles, and Iwill need to be extensible to allow the inclusion of other
application profiles and further standard metafile developrents.

The Reference Generator - referred to in the rest of the text as i
the Generator - must be capable of creating any legal metaffile.
This will allow the user of the Generator to put together a
metafile suitable for use on a particular implementation of CGM
interpreter software. The Generator will be able to restrict ametafile to conform to a particular application profile.

The Reference Interpreter - referred to as the Interpreter in the
text below - will be capable of understanding any legal metafile.
It will be able to draw the results via a suitable graphical
interface. The Interpreter will also be able to attempt recovery

10 3
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I from an incorrect metafile and to continue processing the rest of
a metafile following an error. The Interpreter wi•1l be written
to allow -tracing of the metafile content and possible
consideration of efficiency of storage. The interpreter will
also be capable of being restricted to an application profile to
check adherence of generator software in a system under test to
known profiles. The mechanism used for testing profiles will be
extensible to allow further profiles to be added in the future.

The development of the Generator and Interpreter software
described above form the basis for developing a testing seriice
for the CGM. Test metafiles to a particular specification can be
interpreted on systems under test. Similarly, metafiles from thesystem under test can be interpreted and analysed by the
Interpreter. If there is a requirement for conformance toso a
particular application profile, this can also be tested.
Creating the CGM software as a reference implementation will.
provide a flexible tool for building a test utility.

U 2.2 Some General Requirements for the Reference Implementation
Which Apply to the Generator and Interpreter Software

2.2.1 The General Structure of the Software

3 The core software of the Reference Iplementat•c•
implemented as a series of routines/..rocedures *,ihit -; e•
accessed vla an anolication. This soft.ware -i:,J g.e azczz:3:-:
the CGM elements for both the Generator and Interpreter, anr.d
also include other procedures as necessary to handle ne
encodings.

Applications will be developed above the Reference implementation
for simple interactive generation and interpretation of
metafiles. These applications will enable metafiles to be
generated and interpreted to particular specifications. Such
specifications include generating and interpreting a metafile
within the definition of an application profile such as the CALS
Application Profile. A further application for a testing
environment is discussed in the Recommendations section of this
report.

This layering of the software into a core of software with access
at the CGM element level presents a useful, general model for the
implementation. This part of the report considers the functional
requirements, from the viewpoint of the user, of the CGM
generator and interpreter applications. This approach is taken
because these requirements must be reflected in the conceptual
design of the software in section 3 below.

*!1
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I
2.2.2 Some General Considerations for the User Interface 3
Applications. should be developed to allow straightforward access
to the Reference Implementation. The user interface should be
consistent between the Generator and Interpreter software. To I
allow experienced, inexperienced and casual users easy access to
the Reference Implementation, there needs to be a number of ways
that the software can be used:

1. as an interactive session with prompts where needed;

2. as a command driven session for the experienced user; i
3. driven by a script created by an editor or by a previous

session; I
4. as (1) or (2) above but creating a script to feed into (2).

It is beyond the scope of this report to consider the I
implementation of the user interface in detail. This report
discusses the information which comes from this user interface
layer, and specifies the user interface in very general terms.
It is suggested that satisfying user interface requirements by
one of the user interface managements systems (UIMS) available cn 3
the market at the time should be investigated. The use cf a- 5
UIMS could save development effort and would result in a
consistent interface across testing tools for the CGM.

2.2.3 Error Handling

The error mechanism designed must be usable from both the i
Reference Implementation core software and from any applications
developed using the Reference Implementation. The applications
must also be able to control the level and output of the error I
information. The behavior of the application on the receipt of
an error also needs to be controlled.

2.3 Detailed Requirements for the Reference Generator

2.3.1 Level of Application Access

The Reference Generator will be capable of generating any legal 5
metafile in any of the three encodings. This section of the
report considers the functionality needed within the soff....are to
achieve this. The way that these requirements will be
implemented is considered in section 3 below. The procedures I
must be written in a way which is compatible with access at the
CGM element level. Access also needs to be available to those
options required to specify a particular encoding.

12



The Generator must be able to account for the following factors
when creating a metafile:

1. any limitations imposed by the choice of an applicaticn
profile;-

1 2. the choice of encoding, assuming this is not limited by (I1;

3. compulsory elements in the CGM;

4. elements required by the user creating the metafile;

5. the ability to pack the data as a faithful audit trail ofthe user requests as an alternative to efficient buffering
of the graphical data.

I These requirements are considered in more detail in the next
section.

2.3.2 Generator Options in Choosing an Application Profile

The generator code will be configured to allow tailoring of the
software to suit a particular application profile. Such a
mechanism must at least be capable of dealing with the current3 MAP/TOP and CALS profiles, and it will be an extensible one.

When using the generator utility to create a metafile, the user
will not be allowed to create a metafile which does not cno
to the requirements of the application profile seiected.

Other choices for application profiles which could be
incorporated are the ODA/ODIF defaults and the CGM defau'•
situation. The user must also be allowed to simply create a
conforming metafile which complies with the CGM standard.I
2.3.3 Generator Options in Choosing an Encoding

General Considerations

The user of the generator utility will be able to select the
encoding if not restricted by the application profile. In the
case of the MAP/TOP Profile, only the binary encoding is allowed,
and currently, the use of that encoding is further restricted.
For this profile there are no choices to be made with regard tD
the encoding. In other cases, such as for full CGM confornmance,
all three encodings need to be selectable.

*13



I
This section considers the encoding-dependent information whichnneeds to be collected in order to generate a metafile. Th's does Inot include jelements which are common to all encodings.

Character Encoding I
There are three pieces of information which need to be gathered
in order tQ eenerate a metafile in the character encoding.

I. It is necessary to know whether the metafile is allowed to
use both incremental and displacement modes to store point
list. Displacement mode should only be selectable by the
user, since it is possible that the incremental mode will.
not have been implemented at all sites.

2. Information regarding the use of character subst'tution ts
also required. ThIs is stored in the metafile descriptor
and allows certain characters to be substituted in the I
metafile to make file transfer easier. These characters may
occur in strings and are the non-printing characters, space,
tilde and delete. The substitution is of a 2-byte sequence
in place of'the single byte.

3. The format of the color lis.s is also needed. Color lists 3
may take a number of forms and any limits imposed by the E
application profile must be known to the Reference
Implementation. The formats are; normal; bitstream;
runlength; runlength bitstream. 3

This information should be obtained by the generator util l' once
the character encoding has been chosen. 3

"Binary Encoding

Again, assuming that there is any flexibility given by the I
application profile, there is information to be collected which
is pertinent to this encoding. This information inclu-Ies:

1. Whether the application profile limits the encoding of the
command headers and strings to the long or short form;

2. Whether the CELL ARRAY color values can be stored as run i
length representation and packed representation.

Clear Text Encoding

For the clear text encoding it is necessary to know whether the 3
application profile restricts the following:

1. Whether both UNDERSCORE and POLLAR characters can be used 1s
null characters;

143



I

2. Which format effectors are al-lowed frm e tSt
(BACXSPACE, CARRIAGE RETUR~N, L:NEFEE), -NEWL::_N7, C:ON:
TAB, VERTICAL TAB, FORIMFEED);

3. Whether both SEMICOLON and SLASH can be used to _±e?•--
I elements;

4. Which SOFTSEP characters are allowed;

I 5. Which HARDSEP characters are allowed;

6. Any limits on the bases of integers;

£ .7 Whether reals can be written as expnict ýtcnt r.•zer
scaled real numbers and decimal inteqers;

a 8. Whether both single and double quotes are allowed to de_ýnit
strings;

9. Whether both a,-solute and incremental p0cnt lists
allowed.

£ 2.3.4 Elements in the CGM

These will be acct-ssed by applications at t...e C5..,
The application should be forced to select ele7ents a,
to the current state of the CGM. .zý , e. -•
Ies-r iptor Elements ca.inot appear :n tne state ?...r en.
These CGM states are defined in the CZI standarj. An-
cause the C•znerator to create an illegal metafile wil ca..'_-,
error mechanism to come into play.I
2.4 Detailed Requirements for the Reference Interpreter

2.4.1 General Considerations

The Reference Interpreter must be able to Interpret any
metafile. The output from this interpretatlcn nay tate a nurs7er
of forms, including:

I - graphical output;

3 - trace output;

- evaluation output.

The requirements for these different for-s Of outut are

discussed in this section.

I
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The interface to the Reference impementation will be Inepend•er
of any application, and will allow the applicat•cn to look
the next element in the metafile, and to interpret it or skip It.
It is proposed that the model for this be based on the GFKS
metafile functions to get, read and interpret metafile elements.

2.4.2 Graphical Output I
The main purpose of a metafile is to store pictures. t is
important, therefore, that an interpreter facility should be able
to draw the picture which has been stored. This facillty should
also allow the user to select a number of options, including:

i. Choice of the output device. The user will need to select i
the output device required. To allow a range of devices to
be used, the software must ensure that the devices can te
extensible. This can be done by fitting the application on I
top of a graphics package and designing it to ensure that it
is at least suitable for the range of functional standards
in the graphics standards arena.

2. Choice of the viewport in which the picture will appear w-en
drawn.

3. Choice of the level at which the picture is to ce rendered.

The user may have different requirements for rendering at-
different times. These can be classified into two ;rzuos,
called preview and publication quality output.

"The user of the Interpreter may not always be concerned to 3
get the size, colors, font types, etc., correct al thte
time. The user may simply wish to examine the picture irn
general terms to ensure that the rough outline of the
picture is there and to draw it quickly. But when the
picture is drawn for actual use in a document, it is
necessary to ensure that the rendering is :orrect. The size
of the final output will need to be correct, either to that I
specified in the metafile or to a user defined scaling of
the virtual coordinate space. Fonts, line styles and other
attributes will also need to be correct. For this reason U
two levels of quality should be available to the user
interpreting a metafile and producing graphical output. The
capability, or otherwise, of the interpreter to render the
picture to publication quality will be handled by the error
control mechanism. This is important for CALS where
accurate representation of the final output picture is
essential in many cases.
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2.4.3 Trace Analysis of the Metafile

This compriges text output of the metafile which descri.bes the
content of the metafile to the user. Details of the metafile can
be output at different levels chosen by the user. The user willhave control over viewing the metafile at the following levels:

1. As a directory structure which lists the metafile delimiter
elements and the pictures contained within the metafile;

2. As a whole metafile, on a picture-by-picture basis, or as a
trace of the descriptor sections (These options are not
mutually exclusive.);

3. As a trace of the elements within sections defined by (2);

4. As a trace of the elements and parameters within the
sections defined by (2).

The analysis should ensure that the syntax is correct at the
level being considered. There should also be the capability
within the design for checking that the metafile conforms to a
selected application profile. The trace should include
information concerning any errors at the place where these haveoccurred, following the error model designed for the ReferenceImplementation.

The output must be easy to tead. A suitable form of output is an
extended form of the clear text encoding. This would need to be
extended, since there are elements required by the other
encodings and also encoding-dependent parameters.

2.4.4 Evaluation of the Metafile

The graphical output and analysis of the metafile described above
are concerned with ensuring that the metafile conforms to the CGM
standard and, where appropriate, to an application profile.
Clearly, this is necessary, both for rendering the metafile and
for testing purposes. Also, there is other information which can
be considered evaluation rather than conformance testing.
Examples of such evaluation might be to consider how an
implementation has made use of compaction features of the
metafile. While software may conform to the standard, there are
efficiencies which can be gained by the implementer. This is not
as important for CGM software compared with GKS implementations,
but it is a valid consideration.

A simple example of where efficiencies can be gained is in the
storage of the attributes. This relates to whether the software
gives a faithful audit trail or whether attributes are buffered
and only output when necessary. The following sequence does not
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I
need to be stored in full, for example:

- line color red;

- line color green; i

- line color blue;

- polyline.

Clearly, it is only necessary to store the color blue. Many
implementations write the attributes when required by the I
primitives. Checking for this is a useful evaluation of the
software as considerable savings in space can be made by
buffering attributes. Other evaluation night include:

- The use of the Metafile Elements List and a comparison of
the list with the actual elements used;

- The picture sizes within the metafile;

- The lengths of the variable length elements, for example U
POLYLINE;

- The element point-to-point displacements stored cn the

metafile;

- The distribution of the elements that have been useJ; 3
- The ESCAPE identifiers which have been used;

- The GDP identifiers which have been used; i
- Any encoding dependent information, such as the use of t, e

long/short form command headers and string in the binary I
encoding.

2.5 Summary i

This part of the report has considered the functional
requirements for the Reference Implementation and some associated I
applications for generating and interpreting metafiles to the CGM
standard. The use of application profiles, such as the CALS
Application Profile, means that the Reference Implementation I
forms the basis for a number of applications, including testing
to the standard and to application profiles. It is recommended
that the software take a broad view and not be restricted to the
current CALS Application Profile. Both current and future
requirements for CALS make this undesirable.

I
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3.0 The Conceptual Design of the Reference Implementation

3 3.1 Introduction

This part of. the report is concerned with the way in which the
Reference Implementation should be realized. The design is at a
general level and does not indicate the specific way that such
software should be written. However, all general design criteria
are covered. The production of a reference implementation
provides a potentially flexible tool for many applications. It
is the aim of this design to ensure that future applications and
uses of the CGM will not be overly restricted by the proposals3 contained in this report.

Since there are a number of general design criteria which apply
to both the generator and the interpreter parts of the Reference
Implementation, these are considered first. The discussion below
then turns to the specific requirements of the generator and
interpreter software.

3.2 General Design Criteria

3.2.1 The Nature of the Software

3 A major concern of the Reference Implementation desian -s t:
ensure that applications can be developed which can sit cn tcn cf
the implementation. These applications will include utilities
for generating, interpreting and testing metafiles to th- CM :
standard and to application profiles. A further, desirable
design criteria is not to preclude the inclusion of encodonas
beyond those specified in the standard. Testing has been carried
out at a number of sites for other test requirements, such as for
languages and GKS testing. This gives a further requirement,
namely, for the writing of the Reference Implementation in a

* portable way.

These design criteria will be met by having an implementation
which is modular and has a layered design. There must be clean
breaks between the layers with the data flowing between the
layers clearly defined. It is recommended that the software be
written in Fortran77, since this is considered to be the most
widely applicable language in the environments where the
Reference Implementation and testing tools will be used.

I The design specification presented in this report will define
the layers of the software which are required for the Reference
Implementation.I

* 19
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3.2.2 General Structure of the Software I
The design of both the generator and interpreter software have
similarities in terms of their structure. This can Ce most U
easily examined via the diagram shown in Figure 3.1.

Figure 3.1: The Structure of the Generator and Interpreter in I
General Terms

I

User Interface 3

COMAND INTERPRETER LAYERI
APPLICATION Machine:--:epen-dentý

Profile Considerations Cpde

J3
I , !=Re-ference implementat ion

DEPENDENT

U
The structure outlined in Figure 3.1 will be used as a general
model for both the generator and interpreter parts of the
Reference Implementation and associated applications. 7he I
applications sit above the Reference Implementation and interact
with the user via the User Interface Layer where this is required:
by the application. The Command Interpreter Layer includes a I
profile consistency check. This division is made to allow other
applications to use this layer of code, and such general usage is
a design objective. The machine-dependent code is clearly split
from the rest of the code to enable portability of the Reference
Implementation and any applications, and is available to al!
layers. 3
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I 3.2.3 The User Interface

The functional requirements for this task imply that the
Reference Implementation must be an application-independent
implementation, so that applications can be developed to use it.
It is recommended that a detailed design of these applications
should consider using a UIMS available on the market at that
time. It is beneficial to ensure that all CGM applications
developed for the CALS requirements have the same user interface.
Other applications in the CALS environment might also benefit
from standardizing the user interface. Any further consideration
of this aspect is beyond the scope of this report.

I
3.2.4 Using Application Profiles

3 The use of application profiles is vital to most of the software
proposed in this report. However, application profiles should be
envisaged as a subset of elements and parameters used for a
particular application. Examples of application profiles
important to particular communities are the CALS and :!AP/rTCP
profiles. If a suitable mechanism is used, the concect of
application profiles can be expanded to give a more gener~l
capability. A more general facility would ensure that: future
application profiles could be developed and incorporated; testlnz
could be carried out on a particular implementer's prof,4e; and
testing could be carried out to see if the CZ';' defauI-s : at=_
handled by a particular implementation.

To ensure that this is an extensible mechanis it is ezeessar,'
to build the information outside the main body cf the code.
There are two mi-thods for doing this. The first is to build a
data file containing the information required - for exa-ple,I which elements are allowed, in what order, what are the defaults,
and so on. The second method is to have a routine in the
software containing the information (rather than a database).
This routine might set up data values in the generator and
interpreter code. Such code would look like a typical graphics
device driver, where only those entries available within the
application profile are set, and the rest are indicated to be
unavailable.

It should be ensured that such data files and code can be
extended in the future and new ones created. There should be a
utility to create the database or code for a new application
profile. For this reason the database option has been chosen,
sice it is easier to create.

Therefore, an important feature of the Reference Implementation
is a configuration database which contains all the infornation
necessary to deal with the concept of the use of limited subsets
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of the CGM. These subsets may be accepted application prof1ies
or may be other subsets - for example, a subset used for testing
purposes. This data file needs to contain tte fo!'liq
information: I

- application profile name - as described in the metaf4ie;

- encodings allowed; 3
- encoding dependent information;

- which elements are allowed to appear in the metafile;

- where in the metafile these elements may occur; 3
- limits on the parameter values;

- limits on the size of the variable length elements (e.g. 3
polyline);

- which registered items may appear in the metafile (ESCA•• Es.
GDPs).

The data file should be able to be created vla a u:llft%--.
However, it should be readable and thus able to be edite-. Since I
abbreviations exist for the CGM elements via the clear tet
encoding, they should be used as the basis for defining the data
file format. This will need to be extended to allow for enccdi;' m
options, ranges of values and state information. Sutt it ices
give a useful and currently defined basis from which to work.
The configuration database must be extensible to acccnmodate new i
application profiles and further developments in netafile
definition via the CGEM work. These can be accommodated • ,• ,
mandating that any elements appearing in the database indicate
whether they are allowed. Those which do not appear are assumed U
to be illegal for that application profile.

It is outside the scope of this task to define the precise natu,3re
of the database for application profiles. Table 3.1 shows a
suitable format which could be adopted. This shows that there
are two forms of data: first, a general application descriptor;
and second, an element-by-element list. The form of this should
be similar to any script which is used as input to the Command
Interpreter Layer by the user interface. The inclusion of state
information allows the database to be extensible as further 3
states are added (for example, segment and figure states) and as
elements move from one state to another between application
profiles. This means that the model proposed here will be I
extensible for the CGEM work under development.

2
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Table 3.1:. A Proposal for the Structure of the Application
Profile Database

BEGIN AP HEADER
AP NAME

(name)
AP ENCODING

(encodings allowed)
(encoding dependent parameters)

END AP HEADER
BEGIN AP ELEMENTS

ELEMENT (name)
STATUS

(allowed/not allowed)
STATES

(states in which element is allowed)
RANGEI A (ranges or permissible values)
LENGTH

(length if this is a variable length elemenrt)

. ........ other elements ..........

3 END AP ELEMENTS

This configuration database will use the element names and anv
other abbreviations which have been defined for th•,e clear tev.
encoding.

I 3.2.5 Error Handling

The actual errors which may be produced by the system are a
feature of the detailed design of the software. The discussion
in this report is concerned with the general error model zo be
used.

The current (December 1986) draft of the CGI document gives a
useful basis for the error model. It is recommended that the
detailed design should use Parts 1 and 2 of the CGI as an input
to the design process. The model discussed below is based on the
current CGI proposal.

I The Reference Implementation will maintain reports of errors that
have occurred in a last in, first out (LIFO) data structure known
as the error stack. The application may read and remove errors
from the stack. The application may also clear the stack.
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To fulfill the functional requirement that the error model must
apply to thp Reference Implementation and to any applications,
the error stack needs to be made available to applications. A
routine must be available to allow an application to write to I
the stack. This routine should be modelled on the CGI function
for extracting errors from the stack. Thus, the application has
full control of the level of error reporting which is appropriate I
for that application. A testing environment may choose to report
more error information than other environments.

The CGI error classes are appropriate for adopting into the error
model for the Reference Implementation. To prevent duplication
of work and to give consistency with future CGI implementations,
it is suggested that the CGI document be used as the basis for I
the definition of error messages and values wher. the detailed
design is carried out. To allow for changes and to permit
extensibility, it is recommended that the errors should be I
parameterized within the software.

3.2.6 Data Structures i

The following data structures will be required by the Reference
Implementation for both the generator and interpreter software.

- the application profile configuration database; i

- the error stack plus information as to the curren- error
state and processing directions;

- error message database;

- state information as to the current state and the requested
state; I

- element op-code tables and mappings to an encoding
independent form together with the state information for I
each element;

- encoding dependent information-one structure per encoding
containing the information discussed earlier in this report; I

- operand and 1/0 buffer space. 3
The generator also requires information on whether the metafile
is being written in audit or buffered-attribute mode. It also
needs a parameter-contents table for each element to allow •
computation of the element length for the binary encoding.

The interpreter needs to store information concerning the type off
output being carried out and the quality of that output if it is i
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graphical. It is also necessary to keep a statistics table if
evaluation ijs to be carried out.!
3.2.7 Machine Dependent Routines

I The code will be split into machine-dependent and machine-
independent layers. To ensure portability of the code, the
distinction between these two layers will be clear and well
documented. The number of entries into the machine-dependent
layer will be kept to a minimum. These entries will handle:
files, where necessary beyond the Fortran77 standard; system
information, where needed by the application layers; and utility
routines, for bit shifting, setting, extraction and comparison.
These routines will be available to all layers of an
implementation; that is, both the application layer and the
Reference Implementation. They will be common across both the
generator and interpreter code. The machine dependent routines
are not shown on the diagrams in the next sections below, which
consider the Generator and Interpreter in more detail.

* 3.3 The Reference Generator

3.3.1 General Considerations

The structure of the Reference lmplementation and the acplicatisn
required for generating metafiles is shown in Figure 3.2.

Figure 3.2. The Structure of the Generator Reference3 Implementaion and its Associated Application

I IUser Interface

COMMAND INTERPRETER LAYER

Profile Tailoring Layer

I IMPLEMENATION

3El ement Coding Layer
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The user interface and the general method used for handling i
application .profiles has been discussed earlier. This secticn
will consider the concepts involved in this structure which are
applicab-e to the generation of metafiles. i

3.3.2 Command Interpreter Layer 3
The Command Interpreter Layer is a part of the application above
the Reference Implementation. This layer handles the application
information which is required and requests information from the I
User Interface Layer relevant for the particular application.
Any data conversion - for example, for coordinates, from the
application units to metafile units, must be done in this layer.
The Reference Implementation only accepts these units to bestored on the metafile.

An important sub-layer is the Profile Tailoring Layer. This i
ensures that the data are valid within the constraints of a
particular profile. The advantage of separating this as a
sub-layer is that other applications could make use of this I
layer, since it is at the level of the CGM elements and encoding
dependent information. Elements which are allowed within a
profile are passed through to the Reference Implementation below. I
The error handler is used to deal with elements outside the
profile and appropriate action is taken to inform the layer above
of the error. 3
A role which could be played by the Profile Tailoring Layer is to
simulate requests from the user into CGM elements which confor
to the application profile and are within the limits of the I
system. Suppose, for example, that the maximum length for a
polyline is 1000 points. A user requesting a 2000 point polyline
could have this stored as two polylines. This would ensure that i
the application profile was adhered to while allowing the user to
transfer the picture required. Although this tailoring is
useful, it is suggested that its implementation should be
secondary to that of the core of the Reference Implementation.

3.3.3 The Reference Implementation for the Generator i
Element Generator Layer

This layer is independent of any encoding which may be used. The
reason for taking this approach is that a private encoding could
be added if it was construed as useful in the future. This layer
will contain one routine per CGM element, and will include all I
elements specified in Part I of the CGM plus any' others required
for the encodings (for example DOMAIN RING). This layer is
envisaged as having a similar level of access to the emerging CCIG
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3 language bindings. When the detailed design is carried out, the
CGI language bindings must be considered as input to the design
work. However, it is essential that the binding should allow
partitioning of the elements, since there are elements with
potentially a large amount of data (such as cell array).

E This layer also maintains all the state lists, attribute tables
and color tables that are required by the Generator. These have
been discussed above under the section on data structures. It
also handles the use of the audit or buffered mode for output of
attributes to the metafile.

Since the proposed language for this implementation is Fortran77,
it is necessary to consider the constraints of passing parameters
to the encoding layer below. The parameter types will vary
depending on the descriptor elements selected. To make the code
simpler it is proposed to convert, the parameters to a canonical
form. The parameters will be passed to the layer below as real
and character data. There will only be a limited number of

i entries to the encoding layer below.

The binary encoding also requires the element length to be passed
to the Element Coding Layer. This information will be obtained
in this layer for both fixed and variable length parameter lists
via a function.

3 IElement Coding Layer

This layer converts the data passed from the Element 3enea:
Layer into the appropriate encoding and writes the 0CG. This
layer will have entries for the following types cf data to be
output to the metafile:

- op-codes which handle the type of element and any encodingdependent information which needs to be stored for the
op-codes (e.g. data length in the binary encoding);

3 - scalars which handle most of the elements with fixed
lengths;

lists for elements which have variable length lists and
where the encoding may vary from scalars;

3 - strings which require particular handling.

3 3.4 The Reference Interpreter

3.4.1 General Considerations

The interpreter has a similar structure to the generator which
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has been discussed above. The Reference Implementation for the
Interpreter and the general design of the interpreter application
is shown in Figure 3.3. U
Figure 3.3: The Structure of the Reference Implementation
Interpreter and and Interpreter Application Layer

User Interface 3I I
COM4MAND INTERPRETER LAYER7

Profile Verification Laver 3
GET. READ and INTERPRET items 3

METAFILE TRANSLATOR LAYER

executive sublayer .. :: " :. I
f,4nctiona1 sublaver

coding sublayer 3
OUTPUT SUPPORT LAYERI

graphical output trace output evaluation outnut

simulation layer

graphical systems
e.g. GKS, PHIGS

The requirements of the Interpreter will be obtained from the I
User Interface Level to ensure that all necessary data has been
collected prior to the processing of the metafile by the
interpreter code.I

The overall organization of the code is a division into three
major parts whose requirements are served by the user interface
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above. These parts are:

- Command.. Interpreter Layer;

I - Metafile Translator Layer;

- Output Support Layer.

The Reference Implementation is contained -:n the Metaf!ie
Translator Layer, is app ication-;ndependent, and adsco
independent of the type of output. These layers are ccns:dered
in more detail below.

1 3.4.2 Command Interpreter Layer

This layer performs a nunber of tas'.s .slng .the in...nation
provided by the user interface layer:

- sets up the Output Support Layer as recruested by týe user:
- sets UD the data stru •ctures as apprcprate f .......

application profile s~ecifed;

- sets up the error hnand.er as req uested by the ,ser.

This layer deals wih the level of Interrretatic tne-~'_
user. The user may have decided to cn>Y .lsc at t.. st..........
the ,etafile and not the indiv•,da.' elerents aI...d a..a.
Alternat•vely, the whole netaf•le may b--e of interest. Thi.s layer
has the ability to go t....gh a ..eta "le and cn y :...erpret . he
data which is required. To do this, al. the e.enents are .....
to this level together w..h .nf...at -.. .czncern.n. the state ..
the metafile in which ?"hey occur . :hese are the states ... z!h
were discussed in the Background section abcve.. .. e r.ecuee
actions to get, read and interpret metafi;e elements nay relate
to the whole metafile, to a selected =.cture or to a state w~th•
a single picture.

The Profile Verification Layer crosschec-.s the el e.ents .. oh
have been returned to this layer wth the application nr_ e
configuration database. Where elements are not allowed ;.ith n
the profile in a particular state or when parameters ha.,e gon.e
outside the permitted ranges, an error will be generated on the
stack.

3.4.3 Ketafile Translator Layer - Functional Responsibility

This layer is the Reference ImplementatioCn for the :nterpreter.
It is driven by the Command interpreter Laver, and is concerned
with initializing and terninating translatlon, ard wlth pass n...
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the elements interpreted down to the Output Support Layer. This
layer also manages the internal state list and tables that are
required by Jhe lower layers.

3.4.4 Metafile Translator Layer - Organization

Executive Sub-layer i

This layer is driven by the Command Interpreter Layer. It
handles the administrative tasks outlined above. It determines
the nature of the action required and calls the appropriate code I
in the lower layers to get, read or interpret items in the
metafile.

Functional Sub-layer

This layer performs the get and read functions while the Output
Support Layer deals with the interpretation. The get function
requests the next op-code from the coding layer below, and is
returned in an encoding-independent form. It is suggested that
the detailed design should consider the use of the binary class
and element id to indicate the item type returned, in order to
provida an extensible mechanism. The read function obtains the
information about the parameters in the metafile. Both these
actions are carried out by the Coding Sub-layer below.

This layer also maintains the state lists (as described in thesection on data structures), and checks the syntax of the data Izeing read and interpreted.

Coding Sub-layer I

This layer will handle the different encodings. It will have two
entry tasks:

- return the op-code of the next element in the metafile and
the length of the element data; 3

- return the data in the buffer space provided by the
application. 3

It also needs to set any error flags as required, which will be
tested by the executive layer of the Metafile translator Layer
above. The data will be returned in a canonical form as reals
and character data to allow the other layers to be encoding
independent. I
3.4.5 Output Support Layer - General Role

This layer will handle the output of the interpretation, which I
30
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may take a number of forms as discussed in the functional
specification. To summarize, there may be requirements for:

3 - graphical output;

- trace output of the elements and data found in the metafile;

- statistical counts relating to the data.

These are envisaged as interpretation tasks which need to be
handled in a coding-independent way. At this level there will be
a number of drivers, one for each of the output tasks. On entry
this driver will be given the information as to the op-code and3 the data required by that op-code. The driver can then use this

*information in a way appropriate to the task at hand. The data
will be passed in canonical form as real and character data. The
entries into the Output Support Layer drivers will be based on an
encoding-independent numbering system. It is recommended that
the detailed design considers the binary encoding element class
combined with the element id as the method of specifying the
element values.

The initial implementation should at least have two drivers:

i 1. a driver for GKS;

2. a driver which will print out a trace of the contents of theI metafile.

This will allow the metafile to be interpreted graphically, and3also provide a trace of the metafile contents.

3 3.4.6 Output Support Layer - Graphical Output

The metafile being interpreted may contain elements which cannot
be d • drawn by the graphical output system chosen. GKS,I for 3, does not have a circle primitive. Another example
can ocuur where an application requires a 200 point polyline but
the system maximum is 1000 points. Thus, it is desirable that
this layer include a simulation layer to allow the picture to be
represented in a way which is compatible with the underlying
graphics system. Since this layer will involve a considerable
amount of software development, it may be appropriate to approach
this as a second phase of the software development.

A functional requirement for this graphical output is to allow
the selection of preview or publication quality output. in thepreview quality it is possible to fall back to the suggestions
made in Annex D of the CGM standard - for example, mapping color
to black and white. For publicaticn quality this is not
permitted. The drivers for the Output Support Level need to
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decide whether the picture can be rendered to the required level
of quality. I
3.5 Summary

This part of the report has carried out a conceptual design for
the Reference Implementation of the CGM and some associated
applications and output modules. The software designed includes:

1. A Reference Implementation for generating metafiles. Accessto it is from routines at the CGM element level. There are Ialso routines for handling encoding-dependent information.

2. A Reference Implementation for interpreting metafiles, which i
also gives access to the metafile element level through get,
read and interpret item functions. The interpretation
depends on the Output Support Layer drivers. 3

3. Output Support Layer Drivers for GKS and a metafile trace.

4. An Output Support Layer driver for metafile evaluation. I
5. The Command Interpreter Layer for both the generator and

interpreter which includes profile checking. I
6. Interactive application programs which make use of the

Reference Implementation for simple generation and
interpretation of metafiles.

7. A utility for creating the application profile configuration
database.

8. A simulation layer for both the generator and interpreter to
allow pictures to be stored and interpreted as requested, I
but in a way which is compatible with the application
profile and with the system being used.

This list of the software required is presented in the order in
which development could take place.

I

I
I
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I IV. IMPACTS AND RECOMMENDATIONS

1.0 Introduction

This part .of the report considers how the Reference
Implementation can be used in the creation of testing tools and a
testing service for the CGM.

In the Background section of this report the CGM conformance
statements were reviewed. The CGM defines two levels of
conformance: full conformance, where the metafile conforms to the
abstract functionality and uses one of the standard encodings;
and functional conformance, where a private encoding of the
abstract functionality is used. The only conformance
requirements relate to actual metafiles and do not relate to the
generating and interpreting software. There are no constraints
placed on the software.

Application profiles, such as the CALS Application Profile,
result in the need for testing beyond the conformance statements
of the CGX. It is necessary to test that metafiles produced by
software in the CALS environment do conform to the CALS
Application Profile as well as to the CGM standard. The
Reference Implementation and the Command Interpreter Layer of the
software described above allow the configuration of the generator
and interpreter software for a particular application profile,
and this is precisely what is required for the testina of
application profiles.

it is important for CALS applications to test not just the
generator software but also the interpreter software as well.
Confidence in the rendering of pictures by interpreter software
needs to be established. This functionality is outside the CG."!conformance statements, but is necessary for particularenvironments such as CALS.

I This part of the report will review possible testing strategies
and will then go on to look at setting up a test facility using
the Reference Implementation and associated applications which
were discussed earlier in the report.

I 2.0 Review of the Possible Testing Strategies

g 2.1 General Guidelines

Testing is important for ensuring that implementations do conform
to the standards. Using existing testing methods it is
impossible to guarantee that there are no errors in a troduct.
The testing strategy usually aeopted attempts to show the
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presence of errors in the product. If a suitably large number oftest cases is used, then confidence can be built in a product Iwhich handles these tests.

Existing validation suites adopt this philosophy and use a black I
box approach. to testing; that is, the external specification or
interface specifications of the product are examined and test
cases generated, but no information is required about the I
internal workings of the implementation being tested.

Exhaustive testing is ideal but may be uneconomic to achieve.
The best which can be achieved is to select a wide variety of i
test cases to exercise the implementation under test as fully as
possible. It is important to ensure that the test cases
generated have a high probability of detecting any errors in the I
implementation. Different approaches have been taken to testing
software implementations, and these are briefly considered below.

2.2 Compiler Testing

Testing for compilers involves running a large number of test i
programs. These test the compiler in a given operating
environment. The programs which make up the test suites are
fully portable and include provision for implementation dependent I
parameters. The test suites include the following types cf test
cases:

- Correct (conforming) test programs for which the
implementation under test should generate a specific result;

- Incorrect (non-conforming) test programs for which the I
implementation should generate an error (If specific errors
are specified in the standard, then these can be checked.);

- Test programs which provide information on the
implementation - for example, precisions and limits (These
may be testing beyond the standard but are a useful Ievaluation.) .

2.3 GKS Testing i
GKS provides a basic graphics system for the display and
manipulation of pictures in two dimensions. A GKS test suite has U
been developed in Europe with support of the Commissicn of the
European Communities. The test suite adopts a similar approach
to the compiler testing described above, namely that test
programs to uncover errors have been devised. The tests are at
two different interfaces:

I
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- The application programmer interface, where tests are
carried out of the data structures and the error mechanism;

The operator interface, where the tester manually checks
pictures drawn by the GKS implementation by comparing the
output with a script and example pictures.

I A problem with the test suite is that testing is a very manual
process. In addition, the test suite is currently available only
in Fortran77, although language bindings to a number of languages
exist for GKS.

32.4 OSI Testing

Open Systems Interconnection (OSI) testing is concerned with
checking the transfer and processing of data between two systems.
The aim is to check for the correct transfer of data between the
same layer of the 7 layer model in two different systems. One of
the systems is the implementation under test and the other is the
test center.

The National Computing Centre Ltd in the United Kingdom has
developed a model for OSI testing and have implemented it for theTransport Layer. This involves black box testing, with the
interfaces above and below the Transport layer being examined by
a test responder implemented on the system under test. This
test responder is available in a number of languages to assist in
the testing. In this scheme, test data are sent from the test
center to the system under test. The data are created using a
reference implementation of the relevant layer and are tailored
to the system being tested. Incorrect data can also be generated
by an exception generator.

2.5 The Application of Testing Strategies to the CGM

I From the brief examination of the various strategies above, it is
apparent that a number of points needs to be considered whenI developing a CGM testing tool:

- black box testing is the practical solution;

- an extensive range of test cases should be designed within
economic constraints;

- self checking and automated test should be designed wherever
possible;

- the manual checking of graphical data should be minimized.
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Testing the CGM is more like testing OSI implementations than it
is compiler and GKS testing, since the concern is for testing of
data flow between systems. The definition in the CGM standard is
that of the data storage. Therefore, there is no application
programmer interface to CGM.

However, there is a major difference between the OSI tests
described above and testing the CGM. The difference is that the I
CGM is at the top layers of the OSI 7 layer model. The abstract
functionality is at the Application Layer and the encodings offer
Presentation Layer transfer syntaxes. It is possible to examine
the data flow coming out of *a generator and to send CGMs to an
interpreter, but this only tests one side of the black box.
There is no standard interface for the other side.

In practical terms this means different problems for testing
generators and interpreters. On the generation testing side, it
is necessary to define the metafiles which have to be produced
in some independent way. On the interpreter side, it is
necessary to define how the interpreter is to be tested, and what
the output of such tests should be. GKS testing has shown that
checking pictures is possible, but very time consuming.

These problems are discussed below when models for testing the
generator and interpreter software are considered. I
Recommendations for a potential test service are also nade in
light of the availability of the Reference Implementation
discussed earlier in this report.

3.0 The Use of the Reference Implementation 3
The Reference Implementation described above in this repcrt give
access to applications at the CGM element level. Applications
are to be developed above this for the generation and I
interpretation of metafiles. A layer of this application, for
both the generator and interpreter, involves profile
considerations. It is this layer which ensures that metafiles
can be configured on generation to conform to an application
profile. This layer also checks that an metafile which is being
interpreted conforms to an application profile. Therefore, this
layer is essential for setting up a test service.

When considering testing it is necessary to envisage application
profiles in their widest sense. The application profile can be i
any legal combination of CGM elements which are deemed
appropriate for a particular environment. This means that the
way an implementation has been carried out and the options 3
selected is, in effect, a private application profile. The CALS
Application Profile and the MAP/TOP Application Profile are
important examples of this general concept.
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I On the interpretation side, the testing service requires drivers
within the Output Support Layer. The three drivers which were
recognized earlier in this report are required. These are the
graphical, trace and evaluation drivers. Drivers beyond these
three are considered below in some more detail.

l 4.0 Testing the CGM Cenerator

I 4.1 A Simple Model

Testing metafiles produced by an implementation is, in effect, a
test of the generator software. A simple model for testing
generator software is shown in Figure 4.1.

output- Appl ications
errors. Scft,,are
statistics
trace

i pictures

REFERENCE CGM Generater!
i IMPLEMENTATION

3cProfile test metafiles i

I<

Test Center Implementation Under TestI
Figure 4.1: A Simple Model of a CGM Generator Test Service

This model shows the implementation under test generating
metafiles from an application. These metafiles are then sent,
via some form of file transfer, to the test center. The test
center then checks them for validity and conformance to the
specification of the implementation. This specification may be3 to the CALS Application Profile.

4.2 Information About the Implementation Under Test

In order to carry out tests it is necessary to obtain information
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about the nature of the implementation. The majority of this
information has been discussed in this report when the I
application profile configuration database was considered, and
this is the information which needs to be collected from the site
to be tested. This will allow the test center to build up a I
configuration database for the implementation under test using
the utility for preparing this file. Also, information needs to
be collected regarding any simulation which might exist in the I
software. An implementation may, for example, store polygons as
polylines to simplify the metafile and allow it to be interpreted
at a wide range of sites. This information also needs to be
collected on an element-by-element basis (along with the rest of
the information described earlier), since it is required for the
application profile configuration database.

4.3 Specifying the Metafile to be Generated

Metafiles created by the generator can be tested for conformance
at the test center. The real problem is how to define the test
metafiles to be generated. The choices are:

1. let the site being tested choose the test metafiles;

2. offer sample programs using GKS, resulting in metafiles i
where a metafile device driver is available;

3. give the site being tested some sample pictures ard ask
them to create metafiles corresponding to the pictures;

4. describe a picture more formally, for example using the
clear text encoding of the CGM.

The first option is not a good independent test since it does not
allow impartial selection and thus is more prone to error
detection. However, it could be used in conjunction with
metafiles specified by the test center. Then the metafiles
chosen by the site being tested could be oriented towards their I
particular applications.

The second choice is more reasonable as an independent selection
of graphical output to be stored on the metafile. This method
gained considerable support at the Disley, UK meeting on CG.M
testing. However, there are problems associated with this
choice, too, since there is no requirement for the site being I
tested to have a GKS implementation. Even if the site does have
an implementation, there may be problems if it is not a validated
implementation. Also, there is no certainty which CGM elements i
would be written by the GKS program. Although a recommended
mapping appears in the CGM, this is only a recommendation. It
would be very difficult, if not impossible, to automate testing
of the generated metafile with this method of specifying test
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I metafiles to be produced.

The third option involves a great deal of effort on the part of
the site being tested, and for that reason is not useful. The
fourth option is probably the best, particularly while no mapping
from GKS to CGM exists as a standard specification. The clear
text encoding is also available within the Reference
Implementation, and this also makes the fourth option moreeconomic.

As noted earlier in this section, these problems all arise
because the CGM is at the top of the OSI model. This discussion
is attempting to fit an OSI-type testing model to the CGM.
Should this work continue, it will be necessary to consider the
current effort in standardizing language bindings for CGI.
Currently, there are proposals to extend this effort for the CGM.
This may not be accepted, but the effort on it should be input to
any decisions made for the work decribed here.

3 4.4 The Application Module for Generating Test Metafile
Descriptions

This section considers the way that the test metafile
descriptions should be generated by the test site which has a
Reference implementation.

The application for generating test metafile descriptions will
sit above the Profile Tailoring Layer described above in the
Discussion section. This layer has information regarding the
implementation being tested, since it exists in the application
profile configuration database. This application "will Only
generate metafiles which can be understood by the implementaticn

* being tested.

The application will also have access to a database of partial
Imetafiles. These metafiles will incorporate primitives and
attributes which can be encoded in a manner which can be
understood by the site being tested. Considerable work went into
building the operator test suite pictures for GKS and in
producing the evaluators manual. It is recommended that the
primitives and attributes used for the GKS test pictures be used
in the partial metafiles database. These can be selected where
appropriate. This will not be an easy task, since the GKS test
programs contain control and inquiry functions. However, the use
of the static pictures for CGM definitions should be attempted.

I A major goal for the design of this application module is the
automatic generation of clear text encoded metafiles, which will
be used as specifications at the test site. The application
needs to select a range of options within the supported values.
Any extra information for the test site, for example encodina
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information, will be given as comments in the metafile.

The design Qf the Reference Implementation lends itself to this
automatic generation of clear text encoded specifications. It is
also suggested that the site being tested be given the option of
producing metafiles from its own applications for conformance
testing.

4.5 Testing the Generated Metafiles

These generated metafiles can be tested for their conformance to i
the CGM standard by going through the metafile with no Output
Support Layer driver, but just checking for error conditions.This application will sit above the Profile Verification Layer inthe Interpreter design.

This may be sufficient for many applications. There is, however,
no guarantee that the correct information that was requested has
been stored. It is important to consider whether any further
automatic checking can be carried out without resorting to
picture checking.

Since the generator is only being asked to generate metafiles to
a level which it is capable, there should be no simulation of
elements. Therefore, it is recommended that the test center
require a further Output Support Layer driver for autcmatic
metafile analysis. This driver will have the same form as the I
other drivers; that is, it will have entries at the COZM elenen'_
level. The driver will usa the clear text encoded specification
to give information on what should have been generated bt the
implementation under test in the form of a database for the
analysis. This will then be used as a checklist for what should
be stored in the metafile. There is no requirement that any
order be maintained by the implementation under test, but all
elements in the database should appear somewhere in the correct
CGM state. There are some problems concerning precise comparison
of the values, and the analysis may have to be more general than I
the precision at which the values are stored. But the economic
benefits of automatic testing should outweigh any problem of lost
accuracy in such testing.

4.6 Testing the Interpreter

A simple model for the testing of the interpreter is shown in
Figure 4.2.

I
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IFigure 4.2: A Simple Model for the Testing of Inter-preter

Software
I in this model the testC center creates test metafiles which connl!y

with the application profile configuration file set, up ,,=
itest. Then these are sent to the test system. This model is

exactly analogous to the creation of the metafile specifications
for the generator testing. The same application module can be
used with an extension to allow all three encodings.

I The only form of testing for the interpreter software appears Zo
be testing the graphical output from the interpretation. The
production of test metafiles may be useful to implementors while
they are writing their software. They may be prepared to put the
time in to checking the pictures with the script and tert
pictures. The production of test metafiles may be a useful (and
profitable?) role for the test center where the software can be
configured to suit any implementation.

For CALS it may be necessary to carry out formal testing of
implementer software. On-site testing of the graphical output is
necessary for this. It is recommended that the GKS test pictures
be used as the basis for developing a suite of test metafile
descriptions. This will save effort in developing ideas, test
pictures and descriptions.

It may be useful to test the implementation for its behavior on
the receipt of metafiles outside its application profile and also
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for receipt of corrupt metafiles. Using the scheme proposed for
the Reference Implementation it is straightforward to nrcduce
metafiles ojitside the profile in a controlled way. :t is
suggested that to allow the latter test there should be a utility
capable of corrupting test metafiles in a specified way. This sutility could be an automatic one or could be an interactive

program.

4.7 Summary

The adoption of the Reference Implementation structure a-lows the I
production of test applications for testing both gener•-'ors and
interpreters. The use of the application profile configuration
database means that the specification of metafiles and their U
subsequent analysis can be automatic. There may be some loss of
testing accuracy, but it is considered minimal compared with the
economic savings. Generating metafiles for testing on an
interpreter also falls readily into the scheme. Manual checking
of graphical output appears to be unavoidable for this stage of
testing. It is recommended that effort be put into the area of
picture comparison testing since it is a problem across the range
of graphics standards.

I
U
I
I
I
i
I
I
i
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V. SUMMARY AND CONCLUSIONS

The Comput..er Graphics Metafile (CGM) standard, FIPS 128,'I specifies the syntax and semantics of a standard file format for
storing and communicating computer graphics pictures. It does
not specify .the behavior of the software that generates and
interprets CGMs. This makes behavior of CGM software somewhat
unpredictable. Worse yet, it means that there is no basis for
testing and certifying CGM products. This situation is
unacceptable for the CALS effort, which is adopting the CGM into
its family of standard interface specifications. There are two

components to resolving this situation.

First, the specifications of CGM must be augmented so that the
syntax and semantics of generators and interpreters is
unambiguous, and so that the expected behavior of generators and
interpreters is clearly stated. In other words, the
specification must be "testable." This is one function of an
Application Profile, one of which has been produced for the CALS
environment.

Second, a testing methodology must be devised. As part of this
testing methodology implementations ("Reference Implementations")
of CGM software are needed.

This report is concerned with designing a reference
implementation for the CGM. The report then considers the role
of such a Reference Implementation in a testing environment.

First, the concepts of CGM which are important for the design of
the Reference Implementation are considered. It is noted that
many implementations will adopt one of the developing application
profiles, such as the CALS Application Profile. This will help
to ensure that the metafiles generated can be interpreted on a
wide range of other systems.

Next, the report looks at:

1. The functional requirements for the Reference
Implementation. The Reference Implementation will allow the
generation and interpretation of any legal metafile. It is
also important that the software can be configured to
application profiles. This needs to be a general
configuration tool to cater for current and potential
requirements of CALS. It is important to ensure that the
Reference Implementation can be used from a wide range of
applications. These applications will include testing but
there may be wider uses of the software in the CALS
environment.

2. The conceptual design of the Reference Implementation. The
design is a layered structure and is modular with access at
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the CGM element level. Access is also given for encoding
dependent elements. The Reference Implementation will be
concerrIed with CGMs written to conform with the CGM
standard. A layer for tailoring the software for
application profiles sits above the Reference I
Implementation. This will also be available to other
applications. The software is tailored to fit an
application profile via a configuration database.

Finally, the use of the Reference Implementation as a basis for
testing tools and a model for a test service is considered. The
layered design of the implementation and the use of a
configuration database is a useful design for testing. "he site
to be tested has to supply the information for the configu--v ion
database to indicate the nature of the implementation. The test U
center will have a number of standard databases for application
profiles, such as CALS and MAP/TOP which are in wide use. i

Using this database it is proposed that the test center creates a
definition of the metafiles which the implementation under test
has to create. This specification will be given in the CGM ClEcar
Text encoding 7hich can be created by the Refererce
Implementation. The test center will have a number of metaflle
fragments which can be configured to a particular implementation.
These fragments will be based on the GKS operator test pictures. I
This clear text encoding will be used for autome-ic analysis of
the metafiles to be tested.

interpreter testing requires manual on-site testing of the output
created by the test system following the interpretation of a
range of test netatiles. The report suggests that research onautomatic picture checking is needed if testing of graphics I
standards in the future is to be economic.

The implementation of the software designed in this report will I
require a detailed design and costing to be carried out prior to
implementation.

4
I
I
I
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i I. PURPOSE

Develop a link between IGES data files and CGM picture files
(CALS SOW Task 2.2.2.2.1). CAD/CAM packages, which produce IGES
files, provide input to both automated technical manual and
engineering data repository systems. To minimize storage and
processing overhead and maintain required system performance, CGM
is the protocol which has been chosen for CALS as the mechanism
for the transfer of graphical pictures within and across these
systems. An approach must be developed to transfer data from
IGES format to CGM format. To meet this requirement, this
report comprises a detailed design specification for a piece of
software whose function is to translate from certain IGES product3 Idata files to CGM picture files.

Not all IGES files are suitable for translation; indeed, many
IGES entities are not directly representable as components of
pictures. Instead, IGES files conforming to the IGES application
subset for Technical illustrations (described in Appendix A of
DOD-D-(28000), an interface standard, TS401, which is included in
the CALS Core Requirements (phase 1.0) document] has been
selected for iMplementation.

The specification herein contains sufficient detail f:r a
programmer familiar with both IGES and CGM to code and tes. the
program.

II. BACKGROUND

3 1.0 CALS REQUIREMNTS

1.1 Review of CALS-Related Requirements for Standards

3 References 1 and 2 contain analyses of CALS recruirements fcr
graphics-related standards in the areas of engineering desian,
technical publishing, -.rocursment support, and interactive
delivery systems.

This report focusses on the picture interchange requirements of
CALS when applied to the task of technica'. manual publishing and
illustration.

i 1.2 Relevant Standards

1.2.1 The Co.'puter Graphics Metafile

The CGM provides a file format suitable for the storage and
retrieval of picture description information. The file format
consists of an ordered set of elements that can be used to
describe pictures in a completely devz-ce-independent way. :e or
more pIctures can be stored in a single metafile, and the

l
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metafile is defined in such a way that, in addition to sequential i
access to the whole metafile, random access to individual
pictures is well defined. That is, the pictures are completely
independent, one from another: their appearance does not depend I
upon the order in which they are accessed or displayed.

In addition to a functional specification, the CGM standard
documents three standard encodings of the metafile semantics.
The Character encoding requires minimum metafile size and is
suitable for transmission across networks of heterogenous systems
but is expensive to encode and decode. The Binary encoding
requires minimum effort to generate and interpret but is not
well-suited for exchange between computers of different
arithmetic data types. It is nearly as efficiently coded as the I
Character encoding. The Clear-text encoding provides maximum
readability and editability for ease of use by humans (e.g., for
debugging purposes) but, generally, pays a heavy penalty in size
and performance. The size is much larger because English and
other natural languages contain a lot of redundancy. The
performance is worse because parsing and recognizing text strings
and converting text strings to internal numbers for use by a
graphics subsystem is expensive in its use of CPU cycles.

In reference 1, the standardized CGM elements are listed by type. 3
The ESCAPE and APPLICATION DATA elements have been provided to
support uses of the CGM in ways that go beyond the exchange of
pictures. Nongraphical data and graphical elements not yet
standardized can be inccrporated into metafiles in a regular way.
When these extended metafiles are exchanged by cooperatin=
processes, standard commercial products can be used to handle the
standard metafile ele-ents, and new code need be written only for U
the special, non-standardized elements. Large groups of users of
extended metafiles can get tcether and agree upon a set of
extensions--just like MAP and TOP users have acreed upon
guidelines to the implementation of the OSI standcras. or
example, the elements of a business chart--like legend entries,
tick marks, and axis labels--or the elements of a project
schedule--like PERT chart symbols, milestone markers, Cr
title--could be marked in the metafile. An editing program could
be written to read such metafiles end allow modifications to them
before rendering the chart on a hardcopy device or including it I
in a report or manual.

In the absence of any facsimile standard capable of handling
multicolor images (i.e., those with more than one bit per pixel),
a CGM employing only the CELL ARRAY primitive could be used.
Images expressed with either indexed and direct color
specifications can be represented. In the Character-CoJed and I
Binary encodings, run-length encoding may be used to reduce the
size of the resulting CGM files.
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i The CGM was approved as ANSI/X3.122 in 1986. It has also been
approved as FIPS 128.

1.2.2 The Initial Graphics Exchange Specification

The Initial Graphics Exchange Specification (IGES) _s a mature
standard, first published in 1981, for the digital exchange of
database information among present-day CAD systems. Now in its
third version, engineering drawings, 3D wireframe and surfaced
part models, printed wiring product descriptions, finite element
mesh Cescriptions, and process instrumentation diagrams are
application usages addressed by IGES.

IGES information, including drawings and 3D wireframe product
models, is intended for human interpretation at tne receiving
site. However, IGES is often used to attempt interc:.ange between
CAD databases and to feed external geometric data into a CAD
system, where the data are expected to be processed automatically
by computer as well as being worked on by human operators.
Consequently, when used for this kind of interchange--a purpose
it was not originally designed for, IGES files are of:en3 restricted in the kinds of entities used.

The complete IGES standard describes well over 50 entities, some
with very elaborate and numerous variations. DOD-D-(2.8000),
Appendix A, reference 5, specifies a subset of IGES suitable for
the interchange of technical illustrations. Seventeen entities,
including curves, arcs, closed areas, splines, and text, are
included in this subset. In addition, drawings comprisirg
several views of objects, whose component parts may be positioned
via transformation matrices, can be specified. Suhfigures
occurring several times in the drawing can be defined once and
then instanced.

I3
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III. DISCUSSION

1.0 Abstract Model 3
1.1 IGES Model

The description contained in this section and in the remainder of i
this report relates to that subset of IGES known as the
Application Subset for Technical Illustration (see reference 5). 3
1.1.1 IGES Geometry

The products that can be illustra'ted are represented as
wire-frame models. All compo:.ents (or objects) are
two-dimensional and lie in one IGES layer. Geometric objecýs can
be comprised of circular and conic arcs, linear curves, lines, I
parametric spline and rational B-spline curves, and composites of
such curves. Geometric objects can also be comprised of simple
closed areas and sectioned (i.e., cross-hatched) areas. General I
annotation may also be supplied. Points and their generalization
to instances of marker symbols, whose definitions are supplied
separately, can also be used to form illustrations. 3
1.1.2 IGES Structures 3
Products can be described by multiple instancing of defined 7'ES
structures, known as subfigures. The subfigures themselves are
made of multiple occurrences of the basic IGES entities. i
Generally speaking, :GES subfigures are defined in their cw'nlocal coordinate system.

1.1.3 IGES Drawings and Views

A DRAWING entity allows a set of IGES VIEWS to be identified and i
arranged for human presentation. Each view is a representation
cf a selected subset of the geometric model, together with
non-geometric information such as text. The VIEW entity controls
such representations, providing information for orientation,
clipping, line removal, and other characteristics associated with
individual views rather than with the model itself. 3
The view and drawing entities contain only the rules and
parameters for extracting drawings from the geometric model. The
actual product definition is not duplicated in various views. I
1.1.4 IGES Coordinate Systems 3
Thie IGES Technical Illustraticn Sutset model space is a

4 1
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two-dimensional Euclidean space, the space in which the model (or

product) resides. The model space coordinate system is fixed

relative to the model.

In addition to the model space, IGES has the notion of a

definition space, which is also a two-dimensional Euclidean

space. In contrast to the model space where a single fixed
coordinate system exists, the definition space coordinate system
may vary from entity to entity. The origin of a definition space
coord4nate system may be any point in model space, and the
orientation of definition space may be arbitrary with respect to
model space. However, it is assumed that the unit of length is
always the same in both the model space and the definition space
coordinate systems.

The definition space concept allows the use of a temporary
coordinate system in positioning certain geometric entities into
model space. Use of definition space entails initially
describing an entity in definition space, and then converting
this to a model space description.

A TRANSFORMATION MATRIX entity is used to specify the rotation
and translation components of the mathematical trans f o--.ma tion
that maps definition space coordinates into model space
coordinates. Indeed, the complete definition of a geometry
entity, with respect to model space, involves the Trans forrat ion
Matrix entity. However, when the Trans forma tion Matrix is
exactly comprised of the identity rotation and Zero translation,
a snecial convention is provided in IGES to signal this si-uation
and prevent unnecessary processing.

1.1.5 IGES Attributes

Attributes such as line weight, line style, and colzr are
specified separately for each instance of each 1-SES entity in a-,-
IGES file.

1.2 CGM Model

1.2.1 CGM Geometry

CGM pictures can be represented by lines, circles, circular and
elliptical arcs, markers, tF-xt, and filled areas of various
appearance. No parabolic and hyperbolic curves are suppor--ed,
nor are splines of any sort.

5
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1.2.2 CGM Structures i
Within each CGM picture, there is no substructure corresponding
to IGES subfigures. I
1.2.3 CGN Drawings and Views 3
Within the CGM, each picture is a complete drawing. There is no
notion of a view, with its associated Transformation Matrix. 3
1.2.4 CGM Coordinates

There is only one coordinate system in the CGM--Virtual Device
Coordinates (VDC), a two-dimensional Euclidean space. No
transformation matrix can be specified, even to map an element in i
VDC space into another position or at another orientation in VDC
space. I
1.2.5 CGM Attributes

CGM attributes are modal. Once set, they apply to all subseguent 3
elements until explicitly changed.

1.3 The Translation Task I
1.3.1 Geometry

As described in detail in section 3 below, several IGES aecmetri:
entities do not map directly to :.M elements. Consequent:y,
these entities must be rendered as simpler constructs kn:-'n to
CGM; e.g., parabolas, hyperbolas, and splines as CM: POLYLINES.
This creates a problem for the translation task, because t!e
resolution of the CZM is virtually infinite; therefore, I's
impossible to calculate how many line seanents each portion of a Ucurve should be divided into before being placed in the CGM.

The only solution is that the translator task be informed by some
sort of external input--perhaps stored in a configuration file.
The assumed resolution of the ultimate target device for the CGM
must be provided. By default, one might write the translator togenerate simulated curves assuming 400 dots per inch across a I
display surface of 6" by 8."

The curved-line-to-straight-line algorithms built into the i
translator task should be parametrically configured, so that the
algorithms work correctly regardless of the targetted output
resolution. 3

C I
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1.3.2 Structures

Du-'ing translation, each instance of an IGES subfigure rust be
fully expanded and all the geometric information about each
instance vritten as separate CGM elements.

1.3.3 Drawings and Views

The whole illustration represented by a DRAWING entity and its
related VIEW entities must be created by the translator task as a
single "snapshot" and stored in a single picture of the metafile.

1.3.4 Coordinates

3 For the purposes of the translation task, IGES model space can be
made equivalent to CGM VDC space. One of the tasks of the
IGES-to-CGM translator is to specify a VDC EXTENT that encloses
all elements in the drawing, without introducing too much "wh-te
space" around the border.

When generating CGM elements from IGES entities, the coordinazes
of the IGES entity must be suhjected to all transfor=---'cns
implied by the TRANSFORMATION YAT7.7X, VIEW, and ,RAWNG• N enti:ies.

3 The translator task must keep a stack for saving and later
restoring transformation matrices. Whether the matrix is
composed with previous transformations or replaces the current
matrix is ccntrolied by the status field 'n the Dý;r-Ctcry -ntry.:The trocessing reeqguired by the IGES standard is very ccmplex andis described in great detail on pages 31-33 of Reference 7.

3i The parameters defining all IGES entities should be transforr-=
to model space coordinates before any reqired enulaticn cf
geometry is perfc--med.

1.3.5 Attributes

I When the translator encounters an IGES entity, the entit'
attributes should not be written immediately to their CGM
eauivalents. Instead, a set of local CGM attributes is
maintained for each type of CGM primizive (line, marker, text,
and filled area). With each attribute set is a set of fIcs that
record whether the current attribute value stored in the local
variables is different from the current attribute value written
to the metafile.

The attributes associated with each IGES ent-ity re used to 3e-
the local attribute variables and to set the associa.ted flags

7
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accordingly. Then, when a CGM p-rmitive elem. nt is written to U
the metafile, only those local at-ributes that -ave changec since
the last CGM primitive of the same type was encountered need be
written to the metafile before the primitive element itself is
written.

The attribute mapping process is further complicated when
processing subfigures, because the Hierarchy Status bits in i
Directory Entry field 9 affect whether attributes are inherited
by the subfigure instances or not. 3
Some IGES attributes map directly (e.g., line types 1 and 2),
some have CGM equivalents (e.g., IGES color indices 0 through 8
can be mapped to CGM color indices I through 9, but not in the
same orders, and some have no equivalent (e.g., IGES ilne types 3
and 4).

The translator task must write the default IGES color table I
explicitly in each metafile. For IGES line weight (known as line
width in CGM), IGES global section parameters 16 and 17 can ce
used to compuoe an absolute line width in mdel space I
coordinates, w:.ich can then be mapped to VDC for the CG2. -he
CGM line width and edge width snecification mode is always set to
absolute.

2.0 Top-Level Design 3
2.1 Data Structures

2.1.1 From the Global Section

Global Data I
GO-FP GD Index 7-11 Used to set CGC* REAL PRE::S:CN

and index 19 and VDC REAL PRECISION. 3
GD-PI GD Index 12 Used for the BEGIN METAF:LE string.

GD-?M:S GD Index 13 Used for metric scale factor in i
the SCALING MODE.

GD-LW1 GD Index 16 Used to translate Line Weight i
GD-LW2 GD Irdex 17 information into CGM absolute Uine

Width VOC values.

GD-XT GD Index 20 Can be used to derive the ini-tial
values to be used with the C-0,: VDC
EXTENT element.

83
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The remaining information in the Global Section s not needed fzr
proper CGM generation, although tne infc: atýcn :n nces
2 is needed for proper parsing of the ZGES in...t 'ie.

2.1.2 From the Directory Entry Section

The Directory Entry (DE) section has one DE for each entity yn
the file. The purposes of the DE section are to provide an ýndex
for the file and to contain attribute inoI-ati-cn tcr ea:'
entity. Each DE points to the first ine cf the Parareter --ata
(PD) record. The ordei_ of the DE entitles wi tin the De
is arbitrary, with the exception that a defin;ti-- en:-: nst
precede all of its instances.

Blank fields are considered to be secifi.ed" the
corresponding default values. CEfaul-. va es for each f-C*ýe
depend upon the entity type and are specified in the :3.S
standard.

*I Entity Data

There is one instance of a •E data rec--rd fr eac- . .
the IGES file. This concriex record -'ype str-ct'_treJ -S an
array of records. The translator t :-•• a -e,:t..
associates the array index with the r-
value.

D E-ET DE Field I .tit- t..e nuI -- ,

DE-ST DE Field 3 Pointer to a strture ::•nztnI ent•t .....

DE-L7 DE Fie'd 4 alue fror -t 4,Iine font •attert -s ze a--n i -i -z
the renderng cf tne ct-e'et.

0 DE-1-W DE Field 6 if zero, the et it, should be
discaved in a vie Ws. t!.er;. se,
a pc-nter to the DE entry cf a VIEW
entity to be used for a slngle

i view.
DE-TR DE Field 7 i f z e r o , t h e ident t V

3 transforration natrix and t-e eroc
translation výctor is inIi od.
Otherwise, a rointer to the
entry of a transfrati-n na*:r-,x
(type 124).

1 9I
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DE-STI DE Field 9 Blank Status. 1f 00, entity • 's
digits 1-2 visible; if 01, ent-,v. VIs no0•t

visible. I
DE-ST2 DE Field 9 Subordinate Entity• Switch. Lecal

digits 3-4 values are independent, physically
dependent, logically dependent, and
both physically and logically
dependent.

DE-ST3 DE Field 9 Entity Use Flag. Legal values are I
digits 5-6 geometry, annotation, definition,

other.

DE-ST4 DE Field 9 Hierarchy Flag. Legal values
digits 7-8 are all attributes inherited,

no attributes inherited, some I
aztributes inherited.

DE-LW DE Field 12 System display thickness. Can be
converted to CGM absolute line U
width by multiplying by G-LC2 and
dividing by GD-LW1.

CE-CO DE Field 13 IGES color number, whlch is ... •eo
to a CGM color index. :GE7 color 0
.a=s to CGM color 1; IGES t.c. ,
8; -GES 8 to CGM 9; and GES Z-7 to o
CO.: 2-7.

DE-FO DE Field 15 (integer) fz:= number. Represents I
a suboateocrization of entix•
types.

2.2 Program Flow U
2.2.1 External View

The IGES-to-CGM-Trans lator Task (hereafter called translator)
will be a stand-alone, non-interactive program. It will take as
input a single IGES file, which it may assume conforms to the
IGES Technical Illustration Subset (if found to be
non-conforming, translator outputs suitable errcr messages).
Translator shall produce as output a s4ncle CGM file. whose
contents, when interpreted and displayed on a graphýcs device,
shall represent an image similar to that which would be produced I
were the ICES file to be directly interpreted and displayed :n
the same graphics device. I

10
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I Translator shall also search for an optional confic-aration file,
which contains additional information concerning the nature of
the CGM file to be created .(see section 2.3). The contents of
the configuration file specify, for example, the encoding for-.at
to be used for the CGM, and are described later in this section.
If the configuration file is not present or contains par%.ial
information, standard defaults for all missing information are
assumed.

An error file listing all errors of syntax or semantics
encountered while interpreting the IGES file is produced, if any
errors indeed occur. These messages may also be directed to the
operator's console. Upon completion of the task, a message
indicating success or failure is displayed on the operator's
console.

The exact syntax of the command to invoke translator and to
specify the file names of the various files is not specified.
The syntax should be designed according to the conventions of the
operating system to be used. PC-DOS conventions are different
from UNIX and from VMS, for example.

Figure 2-1 summarizes the external view of the IGES-to-CZM3 translator task and its relationship to its environment.

2.2.2 Internal View

Figure 2-2 provides an overview of the internal processing of the
translator task.

After checking for the presence of the specified i" mu- and
configuration files, translator makes a pass z]-Dugh the :sES
input file, reading in most of the information c.nzained in -:-.e
Global and Uirectory Entry (:E) sections. --e inital a;
section, if present, tells translator whetht.r the file is ý.n
Binary*'Form or Compressed ASCII fcrm. The Start section simplv
contains comments that could be displayed by translator upon the
operator console (if desired by the operator) and echoed to the
error file to provide some context for any errors that are
logged.

In section 2.1 above, we have indicated which pieces of
information are retained in the local data structures as they are
read from the Glonal and Directory Entry Sections. Furthe.....e,
any constraints placed on the file by the Technical illustrations
Subset (reference 5) are checked at this time and errors recorded

* if present.

As the Parameter Data (PD) Section is scanned, all back pointers
to directory entries are checked for consistency. A table
correlating IGEc pointers with internal data structure indices 4s

I
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created at this tir.e. Other constraints as represented by notes i
2, 3, 5-10, and 12 of Table I of reference 5 are c:necked and
errors recorded.

If any syntactic errors are encountered, the task is terminated
at this time. The error file gives the operator sufficient
infor-..ation concerning the invalid information in the file to
repair the file, if desired.

The configuration file contents, if present, are read and loaded
into local storage, replacing the default values already stored
in the corresponding variables. A new, but temporary file for
the metafile is opened. On some systems, its type (e.c.,
formatted or unformatted) will need to vary with the CGM enccdling I
used: Character-coded, E.nary, or Clear-text.

Information in the Global Section, perhaps c-.verridden by some
elements in the configuration file, specify the precision of the I
integer and floating point data to be written to the CGM. in
fact, the CGM may be restricted to storing integer data only. in
this case, the configuration file must indlcate the range cI
integer data that the CGM is allow:ed to handle. During later
-rocess-ng, if a coordinate is generated that iles outside this
:rnge, an error is recorded and further translation of the IGES I
file :s halted. The metafile is closed by writing ET.D PICTUREand END MET.YILE elements to the CGM.

Next, the BEGIN METAFL.E element is written to the CGM, "-.nz I
information obtained from the Global Section. Metafile
Descriptor elements are then written to the CGM. Next, the BEGZN
PICTU"E elerent is written, again using info.r.ation obtained from i
the Global Section. Picture Descriptor elements are then written
to the CGM and, fLnall., the BEG:N PICTURE BODY element ant
several Control elements are written to the CGM. These elerents
are all described in section 3 below.

The i-nut file is rewound and positioned at the first PD entry.
The following logic is then repeated for each entry in the PD i
section (see FiTare 2-3):

1. The PD entry is read and the coordinates saved. The DE
index is looked up.

2. All structure, drawing, and view calculations are applied tothe coordinates, resulting in the conversion of the coordinates
from definition space to mcdel space within the IGES file.

3. The attributes specified in the associated DE are processed
to include considering whether the entity inherits some or all of
its attributes from a parent entity.

12



4. The entity is mapped to its CGM equivalent(s), as described
in section 3. The minimum and maximum X and Y VDC coordinates
generated while processing the whole IGES file are saved in local
storage. At the end, these values will be used to comp'.te good
values for the CGM VDC EXTENT element.

5. The resulting CGM primitive element(s) are output, sometimes
preceded by a sequence of CGM attribute elements.

If a group of parameters is definer: at the end of the PD entry,
these parameters must contain pointers to general notes (type
212). If present, an additional step to translate these notes
into their corresponding CGM elements must be accomplished, as3 discussed in section 3.

When translator has finished processing every PD entry, the final
version of the metafile can be written. The temporary version is
copied to the pernanent version, with actual VDC extent
information (perhaps rounded up to whole number values giving an
approximate 5% border) replazing the default VDC inform-ation
placed in the VDC EXTENT element when it was first written to the
metafile. END PICTURE and END METAFILE elements are written to
the end of the permanent CGM file.

I No GDP, Escape or External CGM elements are written t -:he
metafile, because there are no IGES elements that man to hnese
classes of CGM elements.

2.3 Configuration File

I A configuration file is a disb; file, which, if present, is reac
by the translator task prior to ccrmencing translation cf the
iIGES input file. The configuration file represenos a soure off
infor.ation, external to the IGES file itself, that =ro-'-_es
directizn to the translator task.

I 2.3.1 Format

The configuration file should be set up as an ASCII file, so that
it can be created ty any standard text editor. The file consists
of a series of groups of lines, each group starting with a line
containing only a kelword (the keyword line). The remaining
lines of the group (the parameter lines) contain the parameters
(if any) associated with the keyword. The fornat of a parameter
line is free form: parameters are expressed as integers or
strings separated by one or more delimiters (space, ccon,
sem, icolon, and comma should all be legal delimiters-) . Kewý-:s
groups need not be in any particular order in the ccnfiauration

3 file.
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As specified in detail th-rouug:ut this section and section 3.0, I
the configuration file contains a miscellany -f information.
These items are collected and described in the following

paragraphs.

2.3.2 Content

TarQet Device Resolution

Keyword: RESOLUTION I
Parameters: number of addressable points in X;

number of addressable points in Y;
length of dimension X in mm;
length of dimension Y in mm

CGM Encoding Format I
Keyword: ENCODING

Parameter: CHARACTER or BINARY or CLEAR.

Metafile Description I

Keyword: DESCRIPTION

Parameter: Arbi:rary string. I

Keyword: VDCTYPE

Parameter: INTEGER or REAL.

CGM Integer Precision

Keyword: INTEGERPRECISION I
Parameter: A legal CZ;M INTEG.7ER PRECIS-ON value.

CGM Real Precision

Keyword: REALPRECISION I
Parameters: A legal CGM REAL PRECISION set of three values.

CGM-Index,- Precision3

Keyword: INDEXPREC•SION

Parameter: i. legal C3M IN::ZX PRECISION value.

14 I
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CGM Backaround Color

5 Keyword: BACKGROUND_COLOR

Parameters: Three integers, representing the RGB components of5 the color to be associated with the color index 0.

CGM VDC Intecter Precision

5 Keyword: VDCINTEGERPRECISION

Parameter: A legal VDC INTEGER PRECISION value.

SI CGM VDC.Real Precision

I Keyword: VDCREALPRECISION

Parameters: A legal VDC REAL PRECISION set of three values.

CGM Auxiliary Color Index

Keyword: AUXILIARYCOLOR

I Parameter: An integer between 0 and 8, inclusive,
representing a color index value.

5 CGM Transparency

Keyword: TRANSPAPENCY

Parameter: PRESENT or ABSENT.

Curve Approximation Guidelines

Keyword: MINIMUMLINELENGTH

Parameter: An integer representing the minimum length of a
line segment (in tenths of VDC units) used to
approximate curves that are noz directly3 representable in the CGM.

Text Approximation Guidelines

I Keyword: MINIMUMTEXTLINE_LENGTH

Parameter: An integer representing the minimum length cf a
line segment (in tenths of VDC units) used to
approximate text characters when they are scroked
out and approximated by CGM POLYLINE elerents.

I
!1
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Poirt Coincidence Guidelines I

Keyword: TOLERANCE

Parameter: An integer representing the maximum distance (in
tenths cf VDC units) that two (X,Y) coordinate
pairs, that is, points, are allowed to be
separate, while still considering the points to be
coincident.

I
I
I
I
I
I

I
I
I
I
U
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Read and store Read PD section. Check for

Global & DE - Build table of Conformance I

section data. pointers betweer. to IGES
PD and DE. subset. I

, I
yes syntactic

Open CGM and Read configuration

write CGM header. file information.
~Ii

_ __ _I
Main Precessing Loop

(see figure 5-3) u

Write CGM trailer and Close CGM
Rewrite VDC EXTENT N and error

element, files. r 2I

Figure 2 -2. Internal Logic Flow. I
I

18I

=i i i i i i ii iU



I

3 Read PD. Savo coordinate data. Check pointers.

Apply structure, drawing. & view caiL.lations.

S.Determin attributes.

Map IGES entity to CGM elements.

Test coordinates to save the g[obal
minimum and maximum VDC coordinates.

Output CGM primitives and attributes.U
I

SNO ,,or?, YES

I
* Figure 2 -3. Main Processing Loop.
I
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3.0 Mapping Between IGES and CGM I
3.1 Header Information

3.1.1 Metafile Descriptor U
A metafile descriptor consisting of one instance of each of thefollowing elements is written to the CGM following the BEGIN I
METAFILE element.

METAFILE VERSION. Version 1 is the current CGM version. 3
METAFILE DESCRIPTION. Write the contents of IGES Global Section
indices 21 (author), 22 (organization), and 18 (date and tire of 3
file generation) in this CGM element. If present, append a
string provided in the configuration file.

VDC TYPE. Unless overridden by a specification of VDC TYPE I
integer in the configuration file, declare VDC TYPE to be real.

INTEGER PRECISION. Use the value provided in the configuration 3
file, if present. Otherwise, set INTEGER PRECISION to 16 (tits).

REAL PRECISIDN. Use a value stored in GD-FP, which has beenderived from "!obal Section indices 7-11 and 19, unless
overridden by a specification in the configuration file.

INDEX PRECISION. Use the same value as for INTEGER PRECI•ES:N, I
unless overridden by a value provided in Lhe configuration e

COLOUR PRECISION. This element should not be placed in the 3
metafile, because color specification mode direct 's naver used
in ICES; conseauently, the infor-mation conzained in this elemt"ent
would never be used.

COLOUR INDEX PRECISION. Use the value equivalent to 4-bits (16
varieties) of color, because in the Technical :l!ustration
Subset, only colors 0 through 8 (9 varieties) may be specified i
and no new indices can be set.

MAXIMUM COLOUR INDEX. Set this value to 8 (the maximum index,
not the number of varieties).

METAFILE ELDb2T LIST. Set this value exactly :o the list of
elements that translator can in fact generate as a result of I
processing an IGES file.

METAFILE DEFAULTS REPLAYCEMeNT. Fc ilow the CALS azoi : 3
profile (AP) recommendations for CGM.

20
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FONT LIST. Follow the CALS AP recommendations for CGM.

CHARACTER SET LIST. Do not generate this element.

CHARACTER CODING ANNOUNCER. Do not generate this element.

3.1.2 Picture Descriptor

A picture descriptor consisting of one instance of each cf the
following elements is written to the CGM following the BEGIN
PICTURE element.

SCALING MODE. Scaling mode is always metric. The metric scale
factor is taken from GD-MS.

3 COLOUR SELECTION MODE. Colour selection mode is always indexed.
Because this is the CZM default, this elerent need not be
generated.

LINE WIDTH SPECIFICATION MODE. This value is always absolute.

3 MARKER SIZE SPECIFICATION MODE. This value is always absolute.

EDGE WIDTH SPECIFICATION MODE. This value is always absolute.

3 VDC EXTENT. Initially use the values (-GD-XT, -:D-XT) and
(+GD-XT, +GD-XT) as the two corners. During processing, the
actual range of VDC coordinates will be monitored. During final
copying of the CGM, the corner values in this element will be
replaced by the actual values, rounded to convenient whole
nIumbers and allowing for a border cf approximatelv 5% of the
total picture size.

BACKGROUND COLOUR. This element should not be generated, unless
an explicit velue is provided in the configuration file.

3.1.3 Control Elements

Following the BEGIN PICTURE BODY element, the following elements
should be written at most once to the CGM.

VDC INTEGER PRECISION. This element is written only when VDC
TYPE is integer. Use the value specified in the configuration
file, if present; otherwise, use the value used for IN!TEGER
PRECISION.

VDC REAL PRECISION. This element is written only when VDC TYPE
is real. Use the value specified in the cc-fia':ration if
present; otherwise, use the value used foi REAL PRECISION.

21
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AUXILIARY COLOUR. This element is written only when the
configuration file specifies a value--an index selected from the
range 0 through 8.

TRANSPARENCY. This element is written--always with the value
off--only when the configuration file specifies that transparency
control is present.

CLIP RECTANGLE. Do not write this element. 3
CLIP INDICATOR. Do not write this element.

3.2 Geometric Entities m

Entity 100 -- Circular Arc. Generally speaking, this maps either 3
to CGM CIRCLE or C5.-M CIRCULAR ARC CENTRE, depending upon whether
the start point and the end point are coincident (GD index 19
provides the measure of granularity to determine coincidence). 3
In both instances, the center point (Xl,Yl) is direc-2ly available
and the radius R must b• calculated as SQRT[rX2-X!)**2 -

(Y2-YI) **2]. 3
With CIRCULAR ARC CENTRE, the four additional VDC values needed
by the CGM element are (X2-Xl), (Y2-YI), (X3-X!), and (Y3-Y). 3
Entity 102 -- Composite Curve. A composite curve is a connez-ed
curve that results from the grouping of certain ndiv__ua_
constituent entities into a logical unit. it is defined as an I
ordered list of entities cf the following types: point 't'%e
116), line (110), circular arc (100), conic arc (104), parametric
spline (112), and rational B-spline (126).

Each constituent entity has its own transformation natrix and
display attributes. Each constituent entity may have text n
associated with it. Each constituent entity may inhEr-zt
attributes from a parent structure. Consequently, translator can
process a composite curve by repetitively calling independent
modules to process the more primitive entity types that comprise I
the composite curve.

Entity 104 -- Conic Arc. A conic arc is a bounded connected
portion of a parent conic curve, which consists of more than cne
point. The parent conic curve is either an ellipse, a -&rabola,
or a hyperbola. 3

I
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The conic curve is defined by the six coefficients in th;
following equation:

A*X**2 + B*X*Y + C*Y**2 + D*X + E*Y + F = 0.

Field 15 of the associated DE is a form number. If DE-FO is
non-zero, the form number specifies what kind of conic the
parameter data represents. However, if DE-FO is zero, the form
of the parent curve must be determined from the general equation.

In section 3.4.4 of reference 7, three quantities QI, Q2, and Q3
can be computed from the six coefficients. These quanticies are
used as described in reference 7 to deduce the form of the parent
curve.

If the parent curve is an ellipse, use the CGM ELLIPSE or
ELLIPTICAL ARC element, depending upon whether the starting point
and the ending point are coincident. Then, calculate the
centerpoint and a set of conjugate diameter pairs using the
parametric equations given in section 3.4 of reference 7.

If the parent curve is a parabcla or hyperbola, then the CGM has
no direct corresponding primitive element and a simulation
routine must be called to generate a POLYLINE element. The
number of line segments generated to approximate the parent curve
is based on information obtained from :he configuration file.

Entity 106 Form 11 -- Copious Data: Linear Planar Curve.

The interpretation Flag should always be 1 and the Common Z
Displacement should always be zero (0) for the Technical
illustration Subset. The remaining parameters map directly into
the data needed for the CGM POLYLINE element.

Entity 106 Form 63 -- Copious Data: Simple Closed Area.

The Interpretation Flag should always be 1 and the CorMon Z
Displacement should always be zero (0) for the Technical
Illustration Subset. An additional syntax check on the IGES file
may be performed to verify that Xl=XN and Yl=YN. The remaining
parameters map directly into the data needed for the CGM POLYGON
element, with XN and YN being discarded for the CZM. An error
message should be written to the error file if the IGES file
fails the syntax check and the coordinate (XN,YN) should not be
discarded.

Entity 110 -- Line. This element maps directly to CGM POLYLINE,
where the number of points equals 2.

Entity 112 -- Parametric Spline Curve. The CGM lacks any kind of
spline primitive. Consequently, translator must provide a full
cmulation, mapping each cubic polynomial segment into C-M
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elements. Only if the specified segment is in fact a circular
arc or elliptical arc can the corresponding CGM primitives be
used. Otherwise, CGM POLYLINEs must be used. The length cf the
straight line segments generated by the curve drawing algorithm i
is controlled by a parameter in the configuration file.

Much of the mathematics needed for the approximation algorithm is
found in reference 7, pages 132-137 and Appendix D.

In the Technical Illustration Subset, the splines are always
planar.

Software to convert between parametric spline curves and the
corresponding rational B-spline curves is available from the IGES I
cffice at the National Bureau of Standards. Materials provided
include a magnetic tape of Pascal source code, a listing of the
code, and accompanying documentation. Translator could use this
software to convert from one spline representation to the other
and support only one set of spline-drawing algorithms.

Entity 116 -- Point. The point entity is used to provide a 3
position for general notes to be attached and for subfigures to
be located. Other than picking up the coordinates of the point,
no special processing is required. If the first PD value is 0,
no processing is required unless there is a general note attached
(see the discussion- of Entity 212 below). If non-zero, the
fourth PD value is a pointer to the DE of a subfigure instance
(see the discussion of Entity 408 below).

The CGGM POLYMARKER element cannot be used when translating IGES
Technical Subset files to CGM files.

Entity 126 -- Rational B-Spline Curve. The CGM lacks any kind of
spline primitive. Consequently, translator must provide a full
simulation, ma;ping each cubic polynomial segment into CGM
elements.

The form number associated with entity 126 indicates the nature I
of the spline. If form 1 (line), CGM POLYLINE can be used
directly. If form 2 (circular arc), see the discussion of entity
100 above. If form 3, 4, or 5 (elliptical arc, parabolic arc, or
hyperbolic arc), see the discussion of entity 104 above.

If the form number is 0, the form of the curve must be determined
from the rational B-spline parameters. Only if the spline turns I
out to be, in fact, a circular arc or elliptical arc can the
corresponding CGI. primitives be used. Otherw'ise, CGM POLYLINEs
must be used. The length of the ,traight line segments generated n
by the curve drawing algorithm is controlled by a parameter in
the configuration file.

I
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Much of the mathematics needed for the approximation algorithm is
found in reference 7, pages 169-17! and Appendix D.

As noted before, software to convert between rational b-spline
curves and the corresponding parametric spline curves is
available from the IGES office at the National Bureau of
Standards.

Entity 230 -- Sectioned Area. A sectioned area is a portion of a
design that is to be filled with a pattern of lines. In addition
to specifying the general pattern of lines (18 of them are
available in IGES version 3.0--see figure 3-1), the IGES entity
may also contain infc-mation concerning distance between the
lines as well as tne angle between the lines and the X-axis of
the definition space. Secticned areas may also contain islands
(that is, smaller areas wholly contained within the sectioned
area entity that are not to be filled with the specified line
pattern).

Although not e,:plicitly stated in the IGES standard, it is
assumed that the definition of a sectioned area includes drawing
its boundary.

In the CGM, the closest comparable element is POLYGON SET. If
not for other problems, CGM POLYGON could be used if there were
no islands.

in the general case, a complete simulation of Sectioned Area as
POLYGONS and DISJOINT POLYLINES must be performed. POLYGON is
used for the boundaries of the area and any islands; DISJOINT
POLYLINE is used for each of the hatch pattern lines filling the
interior. The CGM FILL INTERIOR STYLE should be empty, with the
CGM EDGE V:SIBILITY on and CGM edge attributes set according to
the IGES line attributes set in the Directory En:ry or inherited
from any parent structures.

There are several complex aspects to the simulation algorithm:

1. Because the Sectioned Area boundary and enclosed islands can
be curves (that is, represented by entities 100, 102, 104, and
106--perhaps even 112 and 126) not j*.st polygons, the simulation
logic must first convert the boundary curve and any island
boundaries into their polygonal representations, using the same
logic required for translating the basic entities, as described
above.

2. Because the angle between the lines and the X-axis is in
terms of definition space, this angle must be modified to reflect
any rotation contained in the Transformation Matrix specifying
the relationship between definition space and model space.
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3.3 Geometric Attributes

Line Font Pattern. The IGE5 line font pattern, provided in DE
field 4, indicates a display pattern to be used to display a
geometric entity. In the IGES Technical Illustration Subset,
four fixed line font patterns are defined: solid (1), dashed (2),
phantom (3), and centerline (4). The first two patterns
correspond directly to CGM's LINE (and EDGE) TYPEs 1 and 2.
There are no CGM equivalents to the IGES phantom and centerline
line font patterns. These must be emulated by using the CGM
DISJOINT POLYLINE element.

Line Weight Number. The IGES line weight number, provided in DE
field 12, denotes the thickness with which an entity should be
displayed. A specific series of possible thicknesses are
specified by GD-LWI- (global parameter 16) and GD-LW2 (global
parameter 17). The largest thickness possible is that specified
in GD-LW2 and is denoted by setting this value equal to the value
in GD-LWl. The smallest thickness possible is equal to the
result of dividing GD-LW2 by GD-LWl and is denoted by setting
this value equal to 1. Thicknesses between the smallest and
largest thickness are available in increments equal to the
smallest possible thickness and are denoted by setting this value
equal to the integer number of (adjacent) increments required.

Thus, display thickness is:

(eq. 3-1) Line weight number * GD-LW2/GD-LWl.

A value of 0 indicates that the default line weight display cf
the receiving system is to be used.

As mentioned in section 3.1.2 above, CGM LINE WIDTH SPECIFICATO:N
MODE and EDGE WIDTH SPECIFICATION MODE are always set to
absolute. Consecue--tv, the VDC value for LINE and EDZE WIDTH
can be calculated by applying equation 3-1 above.

Color Number. IGES entities may use color indices 0 through 8.
Color number 0 is not assigned any particular color and
presumably corresponds to the natural background cc'or of t*.e
receiving system's display. Color number 1 corresponds to black
(RGB values: 0.0,0.0,0.0) while color number 8 corresponds to
white (RGB values: 1.0,1.0,1.0). Colors 2 through 7 correspond
to red, green, blue, yellow, magenta, and cyan respectively.

At the beginning of each picture, translator should put a CGM
COLOR TABLE element that loads the appropriate RGB values into
CGM color indices 1 through 8. Color index 0 should not be
loaded, so that references to color index 0 can be resolved to
the normal background color of the device onto which the picture
will be imaged.
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Hatch Patterns. As discussed under the Sectioned Area entity, :n
general, the CGM interior style hatch attribute setting cannot be
used by translator. This is because the IGES entity may specify
rotated patterns, tne distance between lines, and variations in
the angle of the pattern with respect to the X-axis of the
display. However, when the distance and angles specified are
standard, there is a chance to use CGM INTERIOR STYLE hatch.
IGES section line pattern 1 corresponds to CGM hatch style 3,
pattern 16 to hatch style 6, and pattern 18 to hatch style 5.

If it were expected that most IGES entities would not be
specified with the distance and angle of the section line
patterns altered, it might be worth defining the other 15 IGES
section line patterns using the CGM PATTERN TABLE elerent.
However, this approach will have limited value because many Cc>:
interpreters do not yet support fully the pattern element
capabilities of CGM.

3.4 Annotation

Entity 212 -- General Note. A general note entity consists of
one or more text strings. Each text string contains text, a
starting point, text size, text slant, and mirroring and angle of
rotation information, either explicitly or implicitly. A single
font number applies to the whole note and incorporates che
separate concepts of type face (appearance of the ch.aracters;
e.g., bold Helvetica, italic Futura) and character se7 (shane of
the characters; e.g., ASCII, German Nation;l Set, ma"n, Sreek:).
Only 7-bit character codes are supported.

The form number is used to select from 12 different layouts of
the (possibly multiple) text strings. These layouts f
whether embedded text font changes need to be made, wna-t:-e
justification (left, center, right) of the strincs within th:
specified text rectangle is, and whether there are subscr_:-s,
superscripts, and fractions.
Although, in general, the CGM text attribute elements are

sufficiently powerful to represent all desired IGES general note
facilities, two aspects of IGES notes--the s-vbol fonts and text
slant--cannot be realized 1-y CGM elements. Consequently, a
faithful rendering of IGES general notes requires a complete
stroke text simulation facility. The rules to be followed by
such a facility are found on pages 223-237 of reference 7.

Implementation of a simulation facility should be divided into
two stages. First, from the form number, the box locati:n, the
box height and box width, and the box rotation an-le, the
position of each individual text string can be found. Secznd,
the individual characters are stroked out, based on tne fc..:
number, slant angle, mirror flag, and rotate- internal-text fLag
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spec--fied with the entity. Of course, any ccscr•.tion space to
modUl spaze transformations must be applied to all nosition end

size calculations during the simulation. 3
Text Font. The IGES Technical Illustration Subset recfuires the
support of three fonts: numbers 1, 1001, and 1002. In both :::S
and CGM, font 1 is used to refer to any font that can represent
the 7-bit ASCII character codes. The appearance of the font
(e.g., stick figures, filled characters, bold weignt) is not
specified by the standards. 3
IGES fonts 1001 and 1002 are called "symbol fonts." The
numerals, uppercase letters, and punctuation marks all correspcnd
to ASCII. However, the 26 lowerZase letters are mapped to Z6

different symbols (see figures 3-2 and >-3). These svy=zc-s
correspond to no registered 7-bit character c~oe and consequenti''..
are unlikely to be supported in any graphics device. Ther~efore, i
simulation of these characters by stroking out the shape is the
only approach for translation.

Other Text Attributes. Only if the slant angle is pi/4 and if
the font number is 1 could CGM TEX.T elements be used, instead Cf
POLYL:NEs that approximate the stroked text. CGM TEXT and APPEX•:
TEXT in conjunction with the CG' attributes of TEXT PREC:S:c...
TEXT COLOUR, TEXT HEIGHT, TT ALGI:MENT, CHRAErA -TER ý:. L

an AFT S. CI=, take care the stazen .O , and CHARA-=CTER S- A ... .G

considerations. CGN TEXT 71', TEXT PA.H, and
VECTOR permit mirroring of the text sometimes needed in szage
to be accomplished. I
3.5 Stractures

CGM has no hierarchical structuring and instancing capab=1 " I
Consequentlv, none of the IGES structuring f.... iLtes Zan c
directly represented in the CZM. :nstead, each instanze c[ an
object mýst be fully expanded and stored ;xn . cn the CZX.
Any mappings from definition space to model space to drawing
space must be performed on coordinates in order to derive the CGM
VDC coordinates (VDC corresponds to -GES drawing coordinates. l

The sinulation capabilities required of translator are extensive
and complex, especially when dealing with the nes-ing and
stacking of the transformations, which are based on the set•1-•-,s
of the status digits in DE field 9.

Entity 124 -- Transformation Matrix. The :::s TechniZal1
Illustration Subset permits oxily rotations and transations c •Z
objects.

Transformation Matrices (TY) are used in only two situations In 3
tine Technizal illustraticn Susset:
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1. Mapping definition space coordinates into model space
coordinates: DE field 7 contains a pointer to the TM entity, and

2. Mapping model space coordinates into viewing space
coordinates.

I Successive coordinate system changes are specified by allowing a
TM entity to reference another TM entity through its DE field 7.
Such matrices are composed by applying the second matrix to the
first using left multiplication of the matrices.

In the IGES Technical Illustration Subset, translator shzuld seE
only Form number 0 matrices, because left- ar right-handedness isirrelevant when dealing solely with 2D objeots and because :GESnode entities (type 134) are not included in the Subset.

I Entity 404 -- Drawing. A drawing is a collection of annotation
entities (i.e., any entity with use flag--DE field 9, digits
5-6--set to 01) defined in drawing space, and views (i.e.,
projections of model space data in view space), which together
constitute a single representation of a part, in the sense that
an engineering drawing constitutes a single representation cf a
part in standard drafting practice. Views are specified bt
referring to a View Entity--see discussion below.

Drawings are located in drawing space as illustrated in fi'ure
3-4, with sides coincident with the drawing cocrdinate system
axes, and with the lower left corner at the drawing space crigin.
The drawing space coordinate system is a special 2D system uset
for view origin locations in the Drawing Entity and for
annotation entities referenced by the Drawing Entity.

Annotation entities can be defined in drawing space and be
referenced by the Drawing Entity directly cr can be defined in
model space and appear in individual views. When defined in
drawing space, the subordinate entity switch should -e set t
physically dependent (01). The subordinate entity switch for aView Entity referenced by a Drawing Entity should be set to
logically dependent (02).

3 The transformation of a view from view space to drawing space is
controlled by the view scale factor, specified in the View
Entity, and the view drawing locations, specified in the Drawing
Entity.

In the Technical Illustration Subset, the drawing units will be
the same as the model units, and the size of the drawing may not
be communicated to the receiving system.

I
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The following values are given in drawing units: U
- view origin drawing locati4ns 3
- coordinates of annotation entities referenced directly.

Entity 410 -- View. The View Entity specifies the view matrix I
and the translation vector by use of a pointer to aTransformation Matrix in field 7 of the Directory Entry.

In the Technical Illustration Subset, the scale factor is always I
1.0 and the view volume pointers are always 0, which implies that
no clipping of the objects in the view takes place as the ob>- :ts
are mapped to the drawing space. I
Note that the value of field 6 of the DE fcr an enti-v controls
whether that entity is displayed in a particular view.

Entity 308 -- Subfigure Definition. The subfigure definition
entity supports the concept of a subpicture, if you equate
drawing creation with graphics picture processing. Th-s enti~tv
permits a single definition of a detail to be ut-:'zed i.n
multiple instances in the creation of the °:nole ricture.

Subpictures can be nested: the contents of the s'--..
definition may include a set of pointers to any c-fnazn f
entities and other subfigures. The depth of subfigure nesoing is
provided in the first parameter data field.

Translator expands subfigures by calling procedures that expan:J
each entity :n the definitizn, applying the proper czcrdinaoe I
transformatlions and attribute inheritance rules at each staue.

Entity 408 -- Subfigure Instance. This e--tiy s-_nes the
occurrence of a sinale instance of the specified• subf'=u" I
first parameter data field points to the su azuree _. .
The remainina dat a specifies scale and translatizn infcrr7atin to
be applied as the subfigure defi4ntion is expanded and theI
entities comprising the subfigure are placed in the CZ:m.

In a drawing, subfigures are displayed in all views; they cannot 3
be constrained to appear only in some views.

Entity 412 -- Rectangular Array SubfiLure Instance. The
rectangular array produces copies of an sbject called the base
entity, arranginc them in equally spaced rows and columns. The
following types of enti4tes frzom the Technical Illustratio-n
Subset are valid fzr use as a base entity: point (type 116), line I

'110), circular arc (100), conic arc (104), parametric spli.e

curve (112), rational B-sr>.ne curve (126, any annotation entity
(212, et. al.), rectangular array U-stance '412), circular array
instance (414), cr subfigure defin.•-on 408).
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The number of rows and columns of the rectangular array, together
with their respective horizontal and vertical displacements are
given in the parameter data. Also, the coordirates cf the lower
left hand corner for the entire array is indicated in the
parameter data. This is where the f"rst entity in the
reproduction process is placed and is called posit.on I. Tne
successive positions are counted vertically up the first column,
then vertically up the second column, and so on.

The whole array of instance locations for the base entity can be
specified as being rotated about the line through the lower left
hand point. However, the instances of the base entity are not3 rotated from their original orientation.

A special flag associated with the paraneter data enables to
display only a portion of the instance irray. You may d-spl-v
either the first n instances or the last = instances.

The algorithm needed for subfigure expansion is straightforward
if tedious. Repeated subroutine calls, stacking and aptl.. v:ing cf
transformations, and changing of individual attributes 4s
required.

I Entity 414 -- Circular Array Subfiqure Instance. The cr
array subfigure instance entity pr zuces copies of the base
entity, arranging them around the edge cf an inaginar' circ-e
whose center and radius are specified. The same t-7es
entities may be used with enti":o 414 as with en _t. 412.

The number of possible instance locations for the base I's
specified and the location of the first instance position is
specified in ter-ms cf a radius and a start anale esur-
B positive, countercloc:wise in radius from the line tn:^-z --center parallel to the X-axis. The successive positon fo''w a

counterclockwise direction around the imazinary circle ana are
distr~buted according to the delta anle specified in rarameterI data field 8.

As w'th the previous entity, a special flag associated with the
parameter data enables one to display only a portion oc the
instance array. You may display either the first n instance.s cr
the last m instances.
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I

IV. IMPMLEINTTATION RECOImeNDATIONS i

1.0 Implementation Alternatives I
To encourage the development of IGES to COM translatcrs, the
Government has three principal alternatives, plus a derivative
alternative strategy if it already owns IGES translatcr software.

Alternative 1. Contract for Translator. Based on this report,
the Government could solicit bids by private developers to I
develop an ICES-to-CGM translator. The daliverable would be the
source code for the program, owned by the Government, and made
available to all organizations via such a mechanism as NTIS. The
Government would incur the entire development cost, but the
developer would retain no further rights in the software.

Alternative 2. Wait for Private Development. The Government i
could publicize the need for an IGES-to-CGM translator,
disseminate this report--and others relating to CALS
reuirenments, and wait for private industry to develop the I
rroduct. The developer would incur the entire development cost,
but the government would have to pay f:r each copy of the
translator it needed.

Alternative 3. Issue an RPQ/RFP for Volume Purchase. Based on
this reDort, the Government could indicate its need for a larce
number of copies of such a translator and reaueso that induszry
re.spond with a bid. The exact form of the purchase could ze on a
si:e-license basis or volume-purchase basis. 7n eit-er of these
cases, all Government agencies needing the translator would be
able to get the product inexpensively and promptly, but the
deseloper would retain the rights to sell the software t- crivate
organizations and to other, non-UJS " vernmeno agencies.

2.0 Discussion i
Alternative I is likely to be most costly in the short run (sa'.,
1 year), :ut it is likely to provide the product most cqickly and
with the greatest probability that the Government's reouirements
are met in full. It might be less expensive than Alternative 2
and, perhaps, Alternative 3 in the long run (say 5 years).
However, Alternative 1 requires the Government to take on
maintenance responsibilities over the life of the product.

Alternative 2 is least costly in the st.ort run, but it ic'nt not
even cone to pass in a timely fashion-. without some economic I
encouragement bh the Government.

Alternative 3 is the most likely to r ovi4- a cost-effective
solution in a t-mely manner. Government and industry share the I
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risk and the cost. The Government provides a guaranteed initial
market, while industry provides the initial capital investment
and shoulders the maintenance responsibility.

ilternative 4. Develop from Existing IGES Software. A fourth
alternative aoes exist if the Government already owns scftware
that provides a quick-view capability for IGES files. Under
contract to privaze parties or developed in-house, the Government
could modify such software by replacing its calls to graphics
drawing primitives to calls to generate equivalent CGM elements.
Most drawing packages are less rich than the CGM in their
collection of graphics primitives and attributes, so the
replacement process would be a relatively straightforward one.

Overall, the translator task consists of about 60% IGES
interpretation, 25% IGES-to-CGM element mapping, and 15% CGM
generation. The complexity lies about 40% with IGES, 40% with
the IGES-to-CGM element mapping (because of all the emulation
required), and 20% with CGM. The cost of developing from scratch
a full CGM generation capability, tested and reliable, is
probably about $75K-$100K. A similar interpretation capability
for the IGES Technical Illustration Subset would cost over $250K.

Consequently, NBS estimates that the cost to provide an IGES to
CGM translator in source code form to the Government for
distribution as public-domain software is about $350K.

Following Alternative 3, the Government might be able to get a
volume purchase license for such software for about $150K-$2C0K
from suppliers that either already had developed the CGM
capability or the IGES translation capability. The Government

would have to agree not to make copies available to its
Contractors as GFE, because the suppliers would be looking at the
Contractors as the target market where it would make up the
remairing development costs and pay for maintenance and
enhancement of the software.

Of course, the details of the terms and conditions that might be
required are too extensive and complex to be discussed in a
report of this type. Furthermore, lessons might be learned from
the Government's purchase of other, popular software like word
processing and spreadsheet software for the PC.
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VI. SUK¶ARY AND CONCLUSIONS

Previous NBS CALS reports have demonstrated that the CGM is the
most appropriate and cost-effective way to store and transmit
device-independent picture descriptions for use in Technical
Illustration and Technical Publishing application environments.
The CGM is also the basis for importing graphics into "compound" 3
documents, as speci`fied in forthcoming ISO standards for document
architecture (ODA/ODIF).

These previous reports argue for the ability to convert technical
drawings represented as IGES product definition files into pure

picture descriptions represented as Computer Graphic Metafiles
(CGMs).

This report develops the design specifications for an !GES-to-CGM
translator utility program. In particular, the detailed mapping
of the IGES Technical Illustration Subset to the CGM standard
(ANSI X3.122-1986) is described and explained. In addition, the

program structure and principal internal processing steps for
such a program are outlined.

Finally, 'procurement alternatives are proposed for implementing
the IGES-to-CGM translator utility program. These alternatives
inzlude:

1. Contract for Translator;

2. Wait for Private Development;

3. issue an RFQ/RFP for Volume Purchase;

4. Develop from Existing IGES Software.

Pros and cons for each alternative are discussed. NBS would like
to develop this translator for CALS. However, the funding needed
for such an effort (S250K), makes this task very uncertain. NBS
-ill await feedback from DOD CALS as to the cost benefits and

projected use of such a translator in relaticn to the high cost
of its proposed development.
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GLOSSARY

character set The set of displayable symbols mapped to
individual character codes in a text string.
A character set is independent of the funt or
typeface.

color In the context of this report, in addition to
its ordinary meaning, the word color includes
bi-level black-and-white (so called,
monochrome) systems and multilevel gray-scale
systems.

color table A table for use in mapping from a color index
to the corresponding color.

control elements Metafile elements 'that specify metafile
delimiters, address space, clipping
boundaries, picture delimiters, and format
descriptions of the metafile elements.

descriptor elements Metafile elements that describe the
functional content, format, default
conditions, identification, and
characteristics of a m.tafile.

device-dependent A system or portion of a system that contains
logic, algorithms, or data that are
consistent with the behavior of a specific
graphical device.

device-independent A system or portion of a system that contains
logic, algorithms, or data that do not
require nor represent knowledae about the
behavior of any particular graphical device.

device coordinates The coordinates native to a device;
device-dependent coordinates; physical device
coordinates.

direct color A color selection scheme in which the color
values are specified directly, without
re=ciring an intermediate mapping via a color
table.

escape functions Graphical functions that describe
device-dependent or system-dependent elements
used to construct a picture, but that are
otherwise not standardized.
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I

external functions Functions present in some graphics stana7-s I
t..at communicate irformaticn not d•rect.,
related - to the generation of a grapnical 3
image.

IGES Initial Graphics Exchange Spec;.fication. A
mechanism for exchancing product data I
information in human-readable form.

metafile A mechanism for retaining and transporting
graphical data and control information. This I
information contains a device-independent
description of one or more pictures. 3

metafile generator The process or equizment that creates a
metafi.l.e. Also, CGM generator.

metafile interpreter
The process r emuipment that reads a
metaf le and interprets the contents tz
produce again the picture represented in themetafile. Also, CGM interpreter.

model space A two-dimensional Euclidean space in 'hihan 3
IGES product model is described.

normalized device coordinates (NDC)
Coordinates specified in a device-indenendent
ccordinate system, norralized to scme ranze
(typically 0 to 1). I

pixel The smallest element of a dis=lav s.rfa..e
that can be independently assi;ned color.

prior agreement A process whereby the creator cf a etafile
and the intended recipient of the metaf e
come to some understanding regarding the
content or fcrmat of the metafile, that I
understanding not being recorded in the
metafile itself. In a blind intercanane
envirorment, prior agreement can be used to I
overcome limitations of exchange standards.

segment A collection of graphical functions that can
be manipulated as a unit. Once functions are
grouped into segments, they are referred to
as segment elements. 3

I
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translator In the context of this report, a ut-iliy
program. that converts a picture represented
as an IGES file, conforring to the IGES
Technical Illustration Subset, to a pictu.e
represented as a conforming Computer Graphics
Metafile.

world coordinates Coordinates specified in a device-independent
coordinate system, whose units are selected
by and are meaningful to the client.
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